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elements, i‘ach (*lem(‘ni eonsisliiio' ol l\vt)^\'eriicTu rovNS ot j)arallel iul>es ha\'in<4 ii|)\vanl 
and opposite incliiiiy^^s of about three dei^Tees. Horizontal cnul eouplini^' boxes connect 
together the \ ari()uf ^|^|^||jg|C^omiK)sin^ the layers of the ( lemevkf^, and thcMippi'r eugft 
of the tubes open into a steam drum which is traversed by the f^ed-w ater inlei^ffipe. 
( )ver the main boiler, and underpin? same casini^, is arran^e't^^^l ;^[)arale ;4mu|> of 
horizontal tubes in which the steam Lienerated in the main boiler is Jricsl, 'I'he* eiraui»ht 


is automatically contndled by the variations of the stcNun pre ssure, 
e)f i^rate bar is ade)pte‘el te) e*nsure* a unife)rm pas- 
sage* of air thre)U!L;h the* hre. As !L»e)e)el ex;Jnple‘s 
e)f multitubular st(*am i^enerators base*el Ai tlui 
Belleville* principle's may be* m(*ntie)iu‘d th*se of 
I.e Blanc, Pinette*, Me'rmann-Lachapelle*, Kii\te*r, 

Champeaux, Basiliaele*s, Kikke*rs, Rose*r, Baxter, 
d'he)mas and Laurens, Duchesne, h'arcot, 1 )ulac, 

(jirarel, ( 'ialle)\N ay, Niclaiisse, and main e)the“rs. 

e'ertain l)oile‘rs are* provided with suspenele'd 
tube's e)t the form illustrate*d in ri”. 7, e)r of the* 
h'ield type illustrate*d in fi^s. le^ and i i. d'he* 
le)W(*r e nds e)f the e)uti*r tul)e*s, whie h han^ dow n 
wards into the lire be)x, are e;le)sed so that the* 
water is com|)elle*d to circiflate; ele>wn the small 
ce*ntral tube* to the* botte)m anel up the* e.)uter 
annular space* be*twe*en lhe*m te) the to|>, where* 
a baffle; - plate arran]ne*me*ni e ause*s it to spresul 

e)utvvarels in all elire*ctions. Iv\ee*lle‘nt ste'amini^ re*sults are; e)blaine*d 
hielel tube's, but the; wear elue* to burniiv^ of the* eiuls is (*\ce*ssi\'e*, 
fre ejiie-ntly bee'emie'S ol >structe*el. 
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c:lass IV. UAPii)-c;ik('iii.A riox boii.i'.rs 

These; boileas .ire* ele'siitiH'd to Lti\'e the* L;re*ate*st he alini; surface* in a t*i\e n size* of 
boiIe*r. R(*lati\e*ly to the*ir i^reat ewaporative* powe r th(*\ e'onlain the* least possible* 
ejuaiitity of w'ater, and e'ons(*(|ue*ntly the re-dilation of the* fee-d water is xery difficult 
and important. 

Amone; the main' kinds wliiebThive; stood the* te*st of se*r\ ice* ma\' . be me*nlione*d 
the; I )u re.'inple boiler use;d in tor|)e;do boats of the* b're;ne h navy. It consists of e rosse-d 
spiral tube*s arounel which the* furnae.e* e*as<*s |)lay. 1 he* t\ pe* has bee*n imj)rove*d by 
Herreshoff, who. acce^rtlini; to a statement by Mr. II. <!<* Parville*, has e*onstrucle;d a 
d-ii^rator capable of evaporatin;4 175 lb. of water per hour under a [ire-ssure* of Ib. 
pe-r sejuare; inch. 'Phe; entire; engine with its cylinde r and all ae ce ssoric's doe s not wei^h 
more than 50 lb., and can el(;ve-‘Iop 6 h.p. at a s|)e.*e*d ol 45e-i ren'olutions pe*r minute*. 

The boiler invent(;d by Count de Dion and construe te;el by .M. Boutein has also 
a <4re;at evaporative powe;r redativ'ely io its we;ii^ht. It cejusists e)f a se;rie*s of sm.ill tubes 
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inclined sliu^htly to the horizontal, and afrann’cd in circular layers onc! above the other, 
and radiating; trpni a common i:entre. I hr. Tirc! is completely enclosed, thus ensurin*^ 
the direct application of the h(_*at. 

13 shows a somewhat similar tyjx* desii4n(‘d bv llerisson. Boilers of this kind 
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have be(‘n found to |L;ive more satisfactory results when used for industrial pur[)oses 
than when us(*d f<jr motor car or similar work. Spiral tiilx* boilers have been stront^ly 
adv()cat(‘d l)y many manufacturers, but results hav(‘ not proved (heir superiority to 
other multilubular boilers, and now they ar(.‘ not fre(iuc*ntly used. 

In th(‘ S(‘r[)ollet boika- the iub(‘s contain a very minute 
(luantity of water at any moment, and therefore ha\'e the 
advantaiL;(* of beini^ incxxplodable. Instead, of carrx iniL^ a store 
of water and steam for the (aii^ine, l)oilers of the Serpollet 
type depe*nd u|)(m the* carryin;^* of a store* e)f heat sufficie*nt for 
the \ aporizatie)!! of the* water as it is rec|uired. d'he; tul)es 
have very thick walls in C()mj)arison with the internal water 
spaea*, anel tlnis holel a lariL^e* ejuantity of he*at and a small (juan- 
tityof water. In se‘clion the*y have* the^ fe)rm of an inve*rtexl U 
with walls abe)ut ^ s thick, anel are placed in direct ce)ntact 
with the* furnace |^ase*s. A cc^nstant current of water is lorce*tl 
throutfh the* tubes and is almost instantly vaporizeel. With 
such a system steam may be ve*ry rapielly raiseel, anel the* 
we*iL;ht of the boiler is small, while the* se*curily aifainst e\- 
ple)sie>n is coni|)Iete however oreat the steuun pressure. As the calorific efficiency is 
also i^ooel, these boilers have been applied te) many services where* ra[)iel ste*am-raisini; 
(lualities are* reejuireel. Fe)r examj)!!*, they have be^en usexl on certain of the Paris tram 



cars anil for fire engines. A still further iniuflivement, made hy a h'lench eii'-ineir, 
M. C hatciK't, has hmi (wiKa'inuMUrd upon in Mnolaiul with •^(hhI rfsulis. lnsi(*atl of 
carrying* a store ot <^v{*n, as Serpollci does, insi(‘ad of loirin^ a eoiuiiui.d 

thin strc'ani throir^h the pipes Chatenet introdiaa^s ihr water in a finely divided or 
atomized condition into the? tubes, \\^a_‘re it (lashes into vapour, d'he atomi/in;^ of the 
water is done l)y a small force pump, which foncs a jet of wat(‘r against an and 

thus breaks it up into a liiu* spray. As the boiler contains jiraciicidly no water its 
dimensions are small lor a lar^'e (^aporative pow(‘r, and the construction ' ?s^not I'om 
plicated. burtlKM*, thir danger ol^\plosion/s n(‘]L;li';ible, as in the Serpollei and other 


is converted into steam with e\|||osive force wh(‘nev(‘r the pr(‘ssure is suddenly reli 


( 

nI1i 


Hash boiI(‘rs, owini;’ to the abs(Mit(M)f a lari^Bbody ol water at a hii^h temperaiuri*, which 


leveO 



b'rom th(‘oretical considerations it mij^ht lu* experaed that the tubes would be readily 
burned, owini;* to the* ,al>sence of W'ate*r. b' x|)eTie*ne'(* has shown, howeve r, (hat lhe*re* 
is ne) exce'ssive* te-iulency te) burning; in this way. I'he* ale)mize*el wate*r apparently sulliees 
to kee‘[) the tubes at a unife)rm teni|)e*rature‘, anel it is lounel that a thin Him eif wate*r 
forms upon the surface*s and pre)te‘cts them lre)m the* direet actie)n e)l the* llame-s. 

llavinia distinguished tin* elillerent e lasse*s e)f ste am L;(*ne rate)rs in the* 

advantage s anel disael vantaia{*s ol various de‘si!L;ns ol beiilers will neiw' be* e onsid(*r(*el. 

THE ESSENTIAL FEATURES OF A GOOD BOILER 

d'he* ehe)ic(* e)f a type* must primarily be de*te*rmin(*d by the* workiiiL,'^ ce)nelitions ; 
the! tjnilormity of the demanel for ste*am; the* ne:ce.*ssity for rapid sie*am raising; e)r 
the! nature eif the! fue*l. Having; deciele*el e)n the! tyjie*, the* partieular make! of be)ile!r 
to be (:he)se*n may bet ele*te!rmine*d by mineir e:onsiele*ratie)ns. ( )lte*n the! re!|)Ulation e)f 
the! make!!' is a better i^uiele! than the! price*, anel the! boiler which eosts le*ast per ton 
we*iirht may ne)t be* the meist e*ce)nomie‘al or in the e*nd che*apest. d1ie* (omme*re ial value: 
ol a boile!r is tlete!rmineel more by its rrfficiency, elurability, e*ase e)f weirkiia^, anel small 
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cost of n-pair^ llian hy its first cost.* As. a iniidc to the choice* ot a boiler, the 
follow ini; e|uahties should be* looked lor. 

Fire Box. I lu* fin* box should be arran«;ed to most comj)l(‘te combustion 

and to utilize the h(*at to the* best ael wantage*. In a |)e)rtabl(! eni;ine its rii;idit\' should 
be* considerable*, and unde r an\' circumstances it sll^iuld be reaelil) accessilde* and (*asily 
repaire'd. 


Hea^g Surface. It is iu‘cessarv that th(! hot yases should circulate* in a elire‘Clion 
opposite* to that of the water, in oreler te) (_*j^juali/e* V temperature anel e^xpansion e)f the 

circulation shoulel be ra])id, anel 


parts, whieh latter should be freelj' 
means should be* taken to e*nsure! the 



ate*r from the ste*am. 
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Encrustation, d'he* boile*]* should be* so arrani;eel that the* insoluble* ele*posits freim 
the* boiling wate*r will not i;athe*r on the* he*ate*d plates en* in |)laees where* the* removal 
t)l the* niiiel is elili'ieult. 

Priming. It is e*sse*nlial that lhe*re* should be* no eibstruction unde*r the* wate*r surface* 
that may e'ause* \’ioIe‘nt suri^ini;'. A ste*am-holele*r ol sudicient si/e* is also ne‘ce*ssary to 
|)re‘ve*nt wate*r Irom be*ini; carrie/el over by the steam. 

Joints. rhe*se* shehild be* as fe*vv as possible* and so d(.*si;,;n(*el that lhe*y beeaime 

ti;^ht(*r when unde*r inte‘rnal pre*ssure*. 

Price, Durability, Repairs, and Upkeep. 'The boile*!* shoulel be of a simple 
lorm, re‘adil\ aee'essible both e*\te*rnallv anel inte*!Hially, anel the* |)arts shoulel not be so 
rii;iel as to resist (*\pansion aiiel thus eause unelue* we*arini; at the* joints. 

Safety. S(*curit\- actainst explosion elepemels lar^e*l\ upein the eare lake*n eluriiii;' 
manufaeiure*. in the* installini; eif the* beiiler, rmel in the workini;. With an experie‘nced 
stoke*!* wile) exercise's pniele'nce and care* the* tear of elisasie*r to a t;()od b(.>il(‘r is 
n(*!^Iii;ibl(*. 
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TIk'H* an* C(‘rlain ohjcTlions lo liihiilar boilers wliitli iiia\’ be siiininari/ed ;is 


f( )I1( »vvs : 


% 


1. Siip^in;^ of llie water ami primin;^. 

2. The water tubes become enerustecl iiilernalK and tin* lire tubes beemne ('hok(‘d 

with soot, and an* liable to frac ture when weakened b\ ( ( »rrosi( mi. 
p 1 rrcLtiilarit) of the steam pressure due to the sinallneAs (»f‘ the (jiiantily o( 
water in the* boiler. 

4. ( 'omplieation of parts and increased liabiliiN to derangement. 

5. Ili.Lih cost of eonstiiiction. 

(). R(‘duction of the flame and loss of he.itim^ power due to the deposit of soot. 

7. ('oolim; of the. flaim* before* combustion is (()m|)Ieie. 

S. Reduced effc'ctive Iieatin;^ surface, the parts of the lubes traversed b\' the 
leases alom* bein;^ elfective. 

(). Idle forced and intimate contac t c>| the* fuel and the* prodiu is of combustion. 
10 . Obstructions pn-v'entint; the* rise of vapour and hindc rin-4 the* c irc iilaticMi. 

I I. Short tr.ivel of the* hot leases. 

12. Obstruction of' the cairrent.s. 

14. Ivxc'essiva* rapidity of the* ac tion. 

14. Rc-diiction of tile c-vaporativc* surface in relation to the* si/e of the furnace* 
and tli(! Ltrate. 


It is not nec'essary to dwell •loni^fr on 
various typ(*s, and enou!L;h has becai saic.l 


the* adv antai.»es or clisaclv anta^es of’ the 
tc) distiny;uish the* characteristics of the 
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hoilf-rs in iis(\ In th(‘ siicccvdini^ sc'clion ihc pnicliral as|K*cl will b(_* con- 

siilcntd; the best means of obtaining- the ^Veatest (‘fiiciency; the* treatm(*iU of the fire; 
of th<.* feed water sup[)ly; and the care of th(? water and [)ressure i>aii|Ltes, safely \’al\'es, 

. C • 

ami i)lli(.-r accessories. 


MANAGEMENT OF THE FIRE 

. - r . 

On account of its ;^reat calorific valuer-. ^coal i:^ usca] when available. 

l o kindle the lire, cotton waste soakedkin oil is over the* prater toLtether w ilh 

firewood, and then i^nitcal. To prevent thef formation of dense* smoke, which may choke 
the lire, the iurnace- door should be* le*ft ope*n until the wood is well ablaze, when it 
must be closed. .StartiniL; ther fire*s should ber done e|uickly, with the damper raiseal, 
but if the* boiler is ne*w the elam|)(rr should ber controlle‘el to prevent overrstrain due 
to too rapid heatiiyi^. Any si^ns of fracture or other ele*fects should be* imme*diate*l) 
re|)orte*d by the* stok(*r to his chierf 

\\di(*n stokint^-, ther lire dexir should be* open for the shorte'st [XTssible* lime and 
prom|)tl\ closed, bercause* (‘ae:h time* it is o[)eneel the erold air which enterrs cools the. 
walls and rtlards ther action. As ther wood is consumerd, the hot emberrs should be: spre*ad 
ove*r tlie L;rate and then coal adek'd Hitler by little until ther fire is formerd and the* steam 
|)ressur(* has ris(*n to i or 2 lb. At this [iiTssure the daon[)er should be opene*d fully, 
and re*i^ular fuel should be* siireael in uniform layers over the whole: jLtrate*, leaving' no 
black s|)a(’es. 

An experienced stoke r will rejn'ulate the thickness of the lire* to suit the* fuerl: lor 
wood or peat a thic kness of about S in. is n(*ce*ssary; for c'oke with natural draught 
12 in., and with lorce*d drair^ht about 16 in. to 24 in. bOr refuse the thickness must 
\'ary with ther ([uality and finene*ss. 

If on ine:re*asin!4 the draught b\ opening* the dampe*r or starting* the blast (wh(*n 
such is ])rovided) the* pressure falls, the* probalile reason is that the* fire* has been badly 
starte*d or that the* fuel is of poor ejuality. In such a case* the draught must be reduced 
and the* lire* re‘dre‘sse*d, while* re*strie'iinn‘ at the* same* time* the* e*ntrance* e)l air under 
the: L;rale*. I'lie*!! the* dampe r should be* j^radually re* e>pene‘d, until the* meist suitable 
arranoe‘ment imde*r which the |)re*ssure* rises has beren ele‘termineel. 

It is e-asy to obse*r\e* b\ eye* tlie ceinditiein e)f the lire*. If ther Haines have* a dull- 
re*d appe*arance carbon dieixide is beino formed; on the* enhe*r hand, a yellow - blue* 
llame* indicatc's tlu* [iiTiduction of exarbe^n memoxiele*, which t^ives the le*ast faveiuralile 
re*sults. 

Ceials suitable* Ibr ste*am be)ile*rs may be* divideel into twe) classe*s: eakiiv^*, eir bitu 
mineius coals, which contain a larj^e pre)|)ortie)n .of volatile* matte*!*; and non caking', eir 
anthracitic e:oals, which contain a much smalle*r proportiein. Wdieii usin|L; eakiniLt' coal 
the* thie'kncss of the* fire be‘d sheiuld be* al^iout 3 in. to 4 in., and a little* meire* whern 
anthracite* is used. 

Anthracite: is pre‘fe*rable to cakintt' coal, which is liable* to ^ive rise* te) an objectionable: 
amount e^f smoke*. C'ontinual ins[)ection of the lire is neeressary to [)reve*nt the* fire 
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Ironi hctoiniu!^ thin in phucs; otherwise; ilie aii|will pass throu'^li these portions instiMd 
ol‘ spre-adini; iiniforinly over llw* whole i^ftue. 

In pra('tiec‘ the tuc ‘1 should he pushed to the hai'k (‘ud ol the '^ratt* .is it is I'oked, 
and new* tuel add(‘d at tin* IroT^t to iaki‘ its plaee. 1 h(‘ eonsuinption ol eoal dejiiMuls 
upon iIk; stoker. It may vary witli the individual ;is mueh .is ihirtx |)i‘r eiMU. ( ertain 
co.'ils eontain siliceous eind(‘rs which ,it a hi^h temper.iture nincni to;.Milicr to form 
.1 hard clinker, espei'iall\' when llie air supplx is not rei^ukir »)\er the '^late. I( shinild 
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he re!L; ul.irly I )rok( n .uul r(Mnove<k .is oth(*rw ise, li .illowcd to form in (|u.inlil\, the firc' 
bars become rapid!) burned. 

(.'oal should b(* added at fr(‘(|uent re;.4u1.'ir int(*r\als, sa\’ e\<a') li\c to ten minutes, 
.md ojieiier whc'ii ihi; fuel is wood; and tin* liriii!.^ should be done .as (|ui< kly as 
possible. 'I he draue;!!! shoiikl l)e re;^ulatc(l as nsjuired b\ raisin^ or low'-rin!^ the 
d.amper. 

If the salety valve, .ilthoir^h properly set, < ommeius s lo blow' oil, the strent^th 
ol the Ilia* should b(* redu( (‘d by opening the fiirnai e door and lowering; the d.amper 
as nuu'h as is n*(|uirevl to la'duce* the pn ssure. in ( .ase of (kinder, howevei', tin; firt's 
should be smothered or banked w ith non - c<ambustible material, sm h as earth, or, 

o.i. I. 3 
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an in(*.\[)(*ricn(_'(*(l man a sr(\'nn Loilcr is a <>1 (hr m(»st sciioiis kind. iinoKin;^ 

prol )al)Iy the dcsinictinn ot many li\t.s find iniKh pjopcrlN . In .in\ lasc, imdrr a 
i'art‘l(‘ss man lln* repair kill will l»e ;^reatl\ ineriMsed. I lu* I’esponsil )ilii\ (»f the j)t)siii(>n 
(>l boiler attendant demands the dosest attention to die duik“>. and a dioroir^li ajjprei ia 
tion ol the daiy^ers that ina\' arise, and how ihe\ are lo lx- nu i wlu n tlu* lu st s\ mploiiis 
app(‘ar. 
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Wdien eoal is hiirneil on^^^i^rate \ aiM >ns j^ases are e\(»l\(‘d. I he most im|>orl.int 
are: earlxm dioxide, tlu* d('\(‘lM>ment ol wlriih indic'ates ('omj)let<‘ and ( lleilixe loinhus 
tion, and ('arhon iiK^noxide, tlW‘ prodiiet 
ol a less eomplet(‘ eoml )i istion. 

As alreadx' slated, these ^asc s ma\ 
he detected hy th(*ir appearanies. 1 h(‘ 

(’arhon dio\id(‘ hax iii;^' a hi^h temperaliire 
mak(‘s the pariiiles of carhon luminous, 
and hui'us iher(‘lor<* with a lari^c, visihk* 
llame. I hi* (’arhon mono\id(* hums, on 
ihe ollua* hind, with a low, hliie llame. 

A LM)od stoki'i' shoiikfc endeaxoiir 
lh(‘n to jirodiK'e a ('lear llame over tin* 
whol(‘ L;rat(‘ area and lo a\oid the 
appearance ol hku k pat(’h(‘s. I hese 

hlai'k spots indicate masses ol' (’oal wasieriilK dislilliuL; ihcir h\ droc arhons at a temperature 
insuHicient for their comhustion, ami are dm* to a delicient siipplv ol air at tliesi* places, 
ho remed\- the defect the ( linker should he remox ed Irom the pi.ile bars to ensure' a 
free passant* of tin* aii; and the* dampc'r should he raised lo im rease the dramdit. 

Smoke. Imompletc* combustion or a premature ( oolim» ol the ‘'as( s rcsulis in the 
formation ol thick smok(* and heaxx' deposits ol soot. lo ax old their piodiulion the 
temperature in the hirnai'e and tlm suj)|)l\ ol air should h(' kept sullu i< nllx epeat h\ 
means of tlie d. impel*. 

Wdien th(‘ tires haxc just hec'i) ('l(‘aned and coal is added, the leinpc ralun* tails so 
C( )nsiderahlv as to |)rodm'e heax \ fumes, unless an extra supplx ol warm air is supplied. 
To prexA'iit the formation of smoke when stokinp ihi* furnaces two im ilMMls max he 
adopt(‘d. Of these the most cIVk ient is c alled o^/vy/;'. that is, the coal as it is ic)nsumecl 
is shoxecl hac k towards the* end of the c;rate and new luc I is added at the Ircmt. d he- 
smoke exolxed from the coal at the front < nd is (onsumed as it pa'>s«‘s oxer tie iman 
descent coal at the hack io;^ether with the* supplx of air, which has had time to he heateci 
to a temjierature sullicient lor combustion. I he* second melliod is simplei' tlian the first, 
hut max* hc‘ used in (on junc tion with it. It consists in simplx openim* the hirnace doors 
about an inch. I he air whic h enters hc'comc's heateci to soim* ('xteiil hx c oiit.ic ( xxilh the 
xxalls of the* liot lurnace, and on nlixinp with the smoke ccaisiiims it ..t the hack ol the 
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Stoking. -l'h(!rc thr(!(* incthcKts of sioUin^- in rro(|U(MU use. 'rhr first consists 
in sprcaclin;^ iju* coal uniformly over lh(! wholr i^ratc in layers sufficiently thin to prevent 
a serious fall of t(*mperature. Ncnv coal should not he added before the* [)re\'ious chari^e 
has been thorouiL;hly buriual. 

1 he second or cokinj^* method has already b(.*en re((*rred to. I he burnt coal is 
j)ushed from th(* Iront ol the j^ratc* to the back end and a new supply added in its place. 

The erases as they are distilled pass back ov(T the hot coals and are more completely 
consumed. • 

In tlu^ third m(‘thod, which is call(‘d alte\nate firin^\di(‘ chariLic is added to each sid(! 
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of the eratc.* altt‘rnatel\ . In this way the tem|)erature is never seriously lowered, and 
there Is alwa\s jiresiMit some incandescent luel. 

Cleaning the Fire. The draut^lu should be sufficient to ki'c}) th(‘ clinker in a soft 
pasty condition, in which state its removal is (‘asy. riiin, deep j^rate bars Ltixe the best 
results, as the ( linker does not so nsidily adh(M*(‘, and tends to form in drops in tlu! sjiacc's, 
where* it is easily looseiuxl by means of an iron slice. Ck-anint;' should not be undertaken 
at too freciuent intervals, ddiis, however, is not always possible; for examjde, wlu*n thc! 
clinker forms rapidl\^ oxtini;’ to bad proportions ot the i^rate* or to th(.* us(* (^1 very poor 
coal. In the form(*r case the stoker can do ver\ little to remedy the lault. In the latter 
case* miK'h may 1 h' doiK! l)y pii kini^ from the (oal the stones, and particularly the iron 
pyrites, mixed with it 

It must not be forgotten that too fre(iuent or proloiv^ed cleaning;' of th(; fire has 
serious cons(.‘(pienc(*s. If the furnace* door be Udt o[)en for a considerable time, the cokl 
air which eiUt‘rs causes a fall of the steam pressure and a loss of efficiency, as the boiler 
plates Ih'cohu* chill(*d. burther, the rapid variation of t(*mperatur(* has a disastrous effect 
upon th(* boiler structun* itse lf, causing' repeated contracticai and expansion ol the jilatcs 


sroriwcii'.s of i:x(;in1‘ axd uoili-r 

with a C()iis(‘(|ii( iu wt^ariii!^' of tho seams ami tlu‘9nc('(‘ssiiy lor IriMim ni and rosily r(‘|).iirs, 
besides th(‘ loss of \alliable lime. h is ^leiefore of i^real imporlaiu e lhal lh(‘ stoker 
should be able to clean his fin* rapidly and compIeleK , so lhal llu‘ nei'essilx lor lurtlaa* 
( leaning may arise as s(*ldom a? possible*. 


STOPPAGES OF THE ENGINE AND BOILER 

At ('eri.iin inter\als of the^^iy. ordiiSirily at noon, lh(‘ demand for steam ma\ 
deerctise owiiiL; to the stojipa^iMp^he (‘niL^infl. It is at sueh time's, wlu'ii a fall of pre'ssiin* 
is allowable*, that the stoke*!' ^h|flel dre*ss his^ire*, fe*(*d the* boiler, aiul do all the* ope*ralions 
that te*iul to make* ihe |)re*ssiire4fall. 1 )iirin!L; the* ste>ppa; 4 e* he* will haxe* siiffieie nt time* to 
re*e'o\e*r the* i)re*ssun‘ while* the* ele*manel re*mains sm.di. 



At the* e*nel e)| the* ela\ s weirk, whe*n finally steipjiini; lor the* nii^hl, ihe* ;^rale* sheailel 
ai^aiii be* iheireaii^hK ele‘ane*el, the^ lire*s banke*el with small eeial, anel the* elampe*r lejwe*reel 
te) almeist e:e)mple*te*ly cut eill the* elrauj^ht lhre>uu;he)ut the* nii^hl. II the* siejpjiame* is lei 
cemtiniie* e)\e*r the* succe*e‘elin!H ela\' the* lii’e* sheiulel be* alle)We*el to bill'll elowii iinlil the* 
|)re‘ssiire is not mein* than a lew pe)unds, and then banke*el. In this wax a eon 
siele*rable* sax iiiL; in t oal is e ffe e ie*el. 

Feeding the Boiler. Althem^h the* le*e*elin^ eil the* beiile*!- is a simple* matte*!', 
e*speeaall\ xvhern eleim* aiite)!natically, it is the* most important ol the* stoke r’s elutie*s, as a!i\’ 
care*le*ss!ie*ss !nay re*sult in elisastcr !ne)re* se*rioiis than anx bad hanelliiiLt e)i the* jin s esiulel 
preieluce*. Meist eif the .te*rrible* ae:e:iel(*!Us that hax e* e arricel ele*solalio!i intei !nany fa!nilie*s 
have* arise*!! fre)!n the: !nisuse* eif the* lee el ap[)liane'e‘S. hi the* lirst |)lae e*, the* e heiiee* ei| the* 
fe*e*d wate r a!iel the* !ne*a!is lei be* take*!i tei |)re*ve*nt the* feirmatio!! eif e arth) anel e ale an-e mis 
eleposits will be: ce)nsielere*el, a!iel lh(*reafter the* feed ap|)Iian((‘s themselves anel the* pie* 
eaiitieins to be: take*n if) f.*nsure* the-ir re'^tilar \\e)rkin ‘4 xvill be* ele*all with. 

Feed Water, d he* chf)ice* e)f fe*e*el wate r is e>f primarx impe>rtance* lei the* e)wne*r 
whe) ce)nsiele*rs his inte*re*sts. Ikiel wale*r wasie s away the* |)Iale*s eif a be)ile*r te) an e*\te*nt 
that rain eir chcmicallx pure* wate r weiulel ne:ve:r elo. W hen the* wate r is e vape)rateel the* 
e*arthy anel calcarceius matters whieh it heilels in suspe.*nsie>n eir partlx' in seilution arc 
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tlrposiu.d u|)oii the plates in the form of ^i^ncAtations, or, as it is called, scale. Encrusta- 
tions which adhere are the most objectionmfi^ Whatever their appearance or composi- 
tion they caus(‘ a continual wastiiyi^ away of the boHj^lates, and the j^rowino thickness 
of tlu! scale decreases the conductivity of thc^ furfSitf Wtlls, and thus seriously affects the 
evaporative' power of the boiler. A very thin layer of matter suffices to reduce the 

evaporative! ptjwer by Irom lo to 15 per cent. 

(b.-nerally the scale! forms in the ani(le*s e)f the sej;wns, and any small particle left after 
cle-anint;' seYce!S as a i'e!ntre! for new accre!tienis. 'F^v. foreign matter may be! held by thc! 

to rem(!dy the defect, it is 
'ties may be settled or filtered 
out. In the se-cond cast! its removal is me)re\lifficult, as i\ e sul)stanc(!s in solutiejn cemsist 
ofte-n of sulphate-s and carbonates of lime and alumina, i)r of magnesium eir irein. 'Fhe! 
former are! meire dangerous, as they form crystalline and fibrous encrustations which 

aelhe‘re to the* plate‘s, while the latt(*r form meire! amor[)hous and se)ft(*r deposits. Acid 

wate-rs cannot be! used, as they epiickly corrode the plate!s, and waters cemtaining eiils are* 
<‘(|ually elange*re)us. 'Fhe grease! which adhe*res tei the reiugh surfaces of the plate*s 
transmits the heat ve!ry badly, and allows the! metal to b(!ce)me eiverhealed anel burned. 
If this gre-asy water alsei contains a salt t)f limc! the results are still ineire! se*rie)us, as 
a linu! soap is feirmeel, which ceillects em the plates and r(!duces the e!va[)e)rative 
capacity of the! be)ile*r to an (!.\trae)rdinary t'xtent. As ceindenser wate r always ceintains 
a ce'rtain ameiunt of oil it is neit advisable to tise such wat^r feir fe*cfling the l.ioiler. 


cleaning se*rce!S as a e'e!ntre! tor new accretienis. i Uv. loreign 
water e*ither in suspe-nsie^n or solution. Inyiie! feirm^hcase, 
suffieMe-nt to steire* the wate^Sn reserveiirs, wlf're the invfy. 'tie: 


Purification of the feed water 

riie-re! are offe*re*eI for sale innume.*rable chemie:al coni[)ounds, which are* claime'd as 
certain re*me!elie*s against the* formation e)f scale*, with its atte!ndant evils aiiel elange*rs. It 
must be* re*me*mbere*d, henveve*r, that the nature of the water used must first be ele‘te‘rmine!d 
be‘fe)rc any reme*ely can be applie*el with any ce'rtainty of succe*ss. heed waters may 
be classili(*el under feiiir hc'aels: 1st. Almeist jaire \vate*r ceintaining impurities einly in 
susp(‘nsion. 2nel. \\'al(‘r ee)nlaining carl)onates e)f lime* anel magne!sia. ^rel. \\wite*r 
ceintaining beith carbonate*s aiul sul|)hat(*s. 4th. Wate*r containing sulphate‘s alone!. 

In the first ease! the* impuritie.*s may be filter(*el or settled out; but if this is not 
sufiici(*ni the* addition to the boiler water of small e]uantitie*s e)f [leHate) pulp, lichen, or 
similar ve*ge*tal)le materials will gath.er the impurities inte) lum[)s anel pre*vent them from 
de*positing as se'ale* on .the plates. 

'Fe) d(*pe)sit the carbonate of lime, tannin in the! fe)rm of e)ak bark e^r the salt itself 
may be use‘d. Fhe aelelitie)n of catechu, nutgalls, and e>the*r astringent mate*rials contain- 
ing tannic acid which dex'ompeises the lime salts, may also be! usexl with advantage. If 
both sulphate anel carbonate* e)f lime are* |)re*s(!nt the tannin shoulel be! us(!el in e:e)njunction 
with seKla. Fhe! e)nly re*medy fe>r sulphate e)f lime is the use of e'ausiic se)ela. Ce^ating 
the! internal surfaces e)f the boiler with a compe 3 sitie:)n e^f gas tar re*tarels the! formation 
of harel ele*|)osIts. 'Fhe encrustations sc‘itlc down in a I(.U 3 se earthy state anel can be 
more e'asily remeiveel. 
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It is also real economy to make the can- of the l. )iler tlu' soh' <hilv »il one man 
rather than to consiiha' it as an additional charhe. II ilie hoiler is ol low power, say 
20 to 30 h.p., the stoker may as cni^'inc atlt'iidanl, l>ul in iiistallalioiis ihc 

c-n^ines and ihr boilers should be undtM* the ('ar(‘ of diltereiil alt(‘ndants. 

boiler ex[)losions, when they occur, arc* ^eiu?rally disastrous. a^Kl^mittalunaU'ly ilu'ir 
occurrence is too frequent. ( )ccasionally when an e.^’ 
takes place the public demand ne .• ai*:J;^1ni^ry.^ 
safeguard consists in making an e\haustiv(^i‘iu|uiry to dc‘i 


^^y-ehan usual 
^hVply c‘ffectivc‘ 
S.jsi*s, and in 
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takinj^ precautions accorclinj^ly in future. F.ach accident f<n-ms the subject of an <d(icial 
enquiry, and the particulars are published, toec-ther with recommendations that may have 
been .suitjgested as a result of the enejuiry. 

The followin'’' iWures taken from oKicial returns show the more Iriaiuent causes ol 
accidents and their proportions: ~ 


1. Defective design, constructiffii, and arrangemfmt, and def(‘(:ts in 

materials, 

2. Want of repair, defective re|)airs, bad usage, fatigue or thinii(‘ss 

of j)lates, freezing of water in the pipes during sloj)pagc*s, . . . 

3. Bad handling, lowness of water followed by injudifious feeding, 

excess of pressure, carelessness and negligence, 

4. Causes unknown or incompletely determined, 


23 per cent. 
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It is ulw.'iys a difficiili ma ter to detormine the cause of an explosion, because the 
condition of the del)ns may easily lead to vvron^ conclusions, and more than one defect 
may have contriljuted to the accident. Notwithstaij^ntf these dilliculties not more than 
4 per cent t)f the accidents remain quite undetermined. 

In order, that stoker may fully understand the nature of the defects, and the 
accidents 111’”''* ' i'\ Irum k) lo four classes alri;ady enumerated will be succes- 
sively dealt/.' 'I"- ' , 

Defecf^“" < Gill re boilers haviil;^ l.'irc>'e (lal surfaces (^\plosions have resulted 



Fig. 39.--(-r().s-scd-Tube Dointl lioilcr 


from the fracture of the ties binding' the surfaces together, when the ties are of 
insulficient section. Sometimes llie riveted seams offer less resistance than the plates 
themselve.s. This may easily be ti\a)ided by good design. Inti rnal parts, such as the 
furnaces, may not be .sufficiently strong to r(;sist the tendency to collapse under prc.ssure, 
or the material may be of infmdor quality, ;md lastly, the gauges may be so badly placed 
as to give unreliable indication.s. 

Want of Repair. — Rajdd iletca-ioration takes place when the boiler is not kept 
continually in good order, wIkmi bad feeil water is used, and when corrosion remains 
undetected. Numerous accidents occur through repairs being neglected or badly done, 
or through the neetl of repairs being ovmlooked. To fletc'ct wt'aknesses or leaking 
seams the boiler should occasionally be tested uniler hydraulic pressure. 
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Bad Treatment. — This, the most freciuem source (T troiil)le, wliich accounts foi 
nearly half the accidents that occur, merits inor«! leiigtliy consiileration. Often tlu 
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explosion is cau.scd by the water-level fallint^ below tin* normal, thereby uncovering iIk 
plates and allowinif them to become red hot. This may bf* due to sf^vcral causes: th( 
feed pipes may be obstructcal, or they may contain air and fail tf) pass sufficient water 
or they may leak, or in winter be frozen. When the water comes in contact with tin 
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red hot furnace [)lates the evolution of steam is more sudden and rapid than the safety 
valves can deal with, the? pressure rises \;;normously, and causes the hot plates in their 
wa'akened condition to suddenly collapse 

It is (;asy to say that the stokei ^‘^sfiould at om:e bank his fires the moment he 
notices such a state affairs, but in practice! it is not always possible to do so. The 
stoker may Innn Vo WJ" situation if he reduces the pressure and disorganizes 

the working ^ scale forms i- '-’ engineers do not hesitate to say that a serious 

fall of th(! w'iilx^ j ( cnirc ^^^^bvays to the ijegligence of the stoker. Such an assertion 
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is, howover, both untrue and unjust, and is regrettable, as it has only the effect of making 
the stc^ker fear to reduce the strength of his tires to any considerable extent, or to bank 
them with earth, until tin; remedy is too late. 

In the morning, when fiting is commenced, a ilifficulty may present itself. The 
water may not appe^ar in the gauge glass, .although on the previous night, when stopping, 
the level nuiy have been good. As already stated, the fall may be due to the decrca.scd 
volume, ot th(^ water when cold, and to the cond(!nsation of the steam mixed with the 
water. 1 hese causes are normal and wadi understood by stokers, but there are abnormal 
conditions which an oialinary man may know nothing of, and which even the experienced 
stoker may not appreciate or be able to prevent. I'he height of the water being 
unknown, the .'..ok.er, iir-tead t)f stirring up his fire, should damp it still further, unless 
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he wishes to deserve dismissal. 'I'he only course to piirsiu' is to hank the fires until 
the fault is detected and corrected. Acciilcmt.silfreciuently result through in(!xi)erienced 
stokers failing to note the lowness of the s- vter-level aiul proceeding as if nothing' 
were wrong. ^ 

When the boiler has separate water logs, as in the elephant type, and these are 
not fitted with water indicators, the conditions may be stoker 

has no means of knowing what is taking place in th^^:.. hap[)ens 
that the connections to these water limbs bexome obstructoo R^)ther reason 



Fig. /|'2. -Joya Waler-'l'iibc IJoilci 


the limbs may become {)artially empty. As water is pumped into ihc, boih^r the U^vel 
under these circumstances will take much longer to rise than it ordinarily would, having 
to make good the deficiency in the limbs. Meanwhile thci furnace! plates are possibly 
uncovered and are becoming red-hot, so that when the water ultimately reaches them 
a violent explosion results. To accuse the stoker of incnmpetf!nce under these circum- 
stances is unjust, for it is impossible for him to know that the limbs are em[)ty, and that 
the water he is pumping in is not filling the boil(!r itself. 

It must be admitted that in many establishments th(! boile rs are too weak for their 
duty. This results from various causes. Apart from the boiler having b(‘en of too 
small capacity when first installed, the demands for steam may have! increas(!d, or the 
money set aside for repairs, which varies naturally with the [)ower (jf the plant, may be 
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insufficient. There is a tendency on the part of owners to economize where boiler repairs 
are concc;rned, or to use cheap appliaiices^hat may not be wholly suitable. And in general 
an old steam .generator is only replaced J 'th reluctance by a more modern and powerful 
one, and only when the necessity lx(^.nes impenCive. Rarely are the demands for 
steam regular — especially is this .so when the steam is also used for heating purposes. 
The supply m^ ' v/iried as reejuired. .Still more complicated is the case where 

the engine arf ' as in portable engines, becau.se, owing to competition, 

the builders to make the boiler just sufficient for the engine power. 

Very fif 1 are forced to an e.xtent that can only have serious conse- 

(luences, espe^i.!^"'’* " v, method adopted is the ^erloading of the safety valve 
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l)(;yond all allowable limits. Other causes may lead to the rupture of the i)lates; for 
e.sample, when the lires are being cleaned the cold air which rushes through the open 
furnace door may produce so sudden a cooling and consequent contraction of the plates as 
to crack them. .Several sr'rious boiler e.x[)lo.sions have been traced to this cause. Rupture 
of the l)oiler plates results most frecjutmtly from the f(K;d appliances being defective, or 
through failure of the non return or clack v.alve to keep the feed water from escaping 
back, thus allowing the water-level in the boiler to foil until the furnace crowns are 
uncovered. If the plates become red-hot and are then submerged again an explosion 
is the inevitable result. 

Enough has heen said regarding water-level indicators, whether glass gauges or 
float alarms. All, without exception, are subject to errors, and their readings must not 
be accepted with too great confidence or without frequent checking and examination. 
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EXCESSIVE PRESSURE 

Overloading the Safety Valve. — Inierle/cuce with the safety valve in order 
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tation to do so, as the valve frequently is set to blow off l)efore the reijulation pressure 
is reached, and the stoker is further aware that his boiler has betai tested hytlraulically 
to twice the working pressure. It must be stated here that so high a testing pressure 
as is customarily used is not advisable. After a short time defects have been known 
to develop in consequence, through overstraining of parts dial would otherwise have 
been perfectly safe and satisfactory if subjected to a less drastic test. A small definite 

Voh. I. fl 
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overload of the valve is an advantaiL^e. It should he set to blow off at a pressure a 
f(*w pounds above the normal, to ensurfiv a jjreater r(t<rularity of workinjr. 

Notvvithstandin<^ searchinc^ enquirv/thy the Hoard of d'rade a proportion of the 
ex[)losions that occur remain unexplai^xn. Some these accidents may be due to a 
phenomcaion which is i^enerally suj)posed to occur under certain conditions. If all the 
air has Ijecn ^ | ^tit of the water, and the lire is then lighted, the water, 

when perfectlf . Tnay reach a teinr>erature much above the boilin<>’ point 

-.1. , . ^ sc.ih- lunns . 1.1.1.., 


with(jut the 
outside sho(^ 


.1 ( (‘lU re 


team. It requires then only some slight disturbance -any 
ae internal stre^ss in the water, and cause it to flash into 


. ^Usjjriisioli ( 1 1 -1 1 

st(*am witli a si^ ^ eat the boiler plates cannot rc^st 


In the next cliapV^ the engines which utilize the Jteam generated by the boilers 
will be considered. 
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STEAM ENGINE 


Strictly speakinjjf the term steam eiii^ine should be used to dcserilH' ;iny machiiu* 
which conv(.‘rts the energy of steam into useful work. In jiractict*, however, the recip- 
rocating engine is generally understood; the rotary engine and the steam turbiiu! being 
essentially so very different in principle as to ri‘(iuire separate' classification. As a first 
classification, therefore, the following* may be taken, viz., Keciiirocating haigines, Rotary 
Itngines, and d'urbines. 

The reciprocating engine consists of a cylinder In which the steam acts by picssure 
or expansion behind a piston, 'bhe motion of the [)iston is communicated to a crank 
on the main shaft, and the admission of the steam is controlleil automatically by a 
distribution valve. When the steam acts only u[)()n oiu* face of the piston, tin* engine 
is said to be singU^acting. When both piston facc*s are alternately acted on by tlu! steam, 
the engine is called double-acting. In this case the motion of the piston is communicated 
from the piston rod to the connecting rod and thence to the crank, and the st(-‘am d(X‘S 
work during each to-and-fro motion of the piston. In the singl(>acting engine work 
is only done during each alternate! stroke, involving a considerable weight of engim! 
for a definite horse power. On the other hand, apart from other advantage's, tin* motion 
of the single-acting piston may be communicated directly to the crank* through the con 
necting rods, thus reducing the moving parts and the weight. Until the introduction 
of forced lubrication, the single-acting type, having two or more cylinders and running 
at a high speed, was employed in preference to the double acting tyjie, with wliich 
such noiseless running could not be obtained. 

Steam may act u[)on the piston in two ways- either in virtue of its jiressurc! alone 
or by its expansive property. Generally the steam acts by jiressure during tlu! c'.arly 
part of the stroke and by expansion during the remainder. WIk'ii the steam enters the 
cylinder throughout the whole stroke the pressure on the jiiston does not altta*, and th(! 
working is said to be non-expansive. In the second case the working is ex[)ansive, and 
the pressure on the piston falls, after a certain point, as the [>iston mov(!s forward. 

The power developed by an engine is proportional to the steam volume of th(! 
cylinder, the mean steam pressure throughout the stroke, an<l the number of revolutions 
per unit of time. By increasing the revolutions alone the power of the engine would 

45 


t 



46 


THE STEAM ENGINE 


be correspondingly increased, bul the piston would move in the cylinder at a higher 
speed. In practice, owing to the weight of the^ giving parts, there is a limit to the 
speed of the piston, so that beyond this limit-A % /8oo ft. per minute— an increase 

in the revolutions necessitates a decrease in of the stroke. On comparing 

a slow-revolution engine with a fast one developing equal power we find that the work 
done per stroke is less in the quick-revolution engine, so that much lighter moving 
parts may be used. The (flicker the revolutions, therefore, the smaller becomes the 
size of the engine and the weights of the parts. An increase of steam pressure would 
for e([ual [lower [x.M'init of a decrease in the cylinder sizes, but the cylinder parts would 
require to be made sufficiently heavy and strong for the pressure. 

When the steam is e.xhausted directly into the atmosiihet^ ; *e energy it still contains 
is wasurd; and there is a still further loss due to the back pressure of the atmosphere, 

which amounts to from 14 to 15 lb. [ler square inch of the piston area. By condensing 

the (exhaust steam instead of ejecting it to the iitmosphere the back pressure may be 
reduced to nearly i lb., which means an increase of the effective steam pressure by 
al)out 13 lb. Engines may be therefore condensing or non-condensing according as 
a condenser and the necessary pumjis are fitted or not. The addition of a condenser 
involves a consid(*rable quantity of exjxMisive gear, which may more than outbalance 
tlu! saving wlien the power of the engine is below a certain amount, and cooling water 
is expensive. 

Vrom what has been .said above it will be obvious that the design of an engine 
must b(i determined by the conditions under which it is to work, b'or [lumping engines, 
where the siz(^ need not be curtaihid, and steady, continuous running is essential, a slow- 
moving etigine of the simplest construction is desirable. Where, however, space is 
valuable, th(^ size must be reduced and the speed increased. In electrical power stations 
the s[ie.ed of the engine is made sufficiently great to permit of its being directly coupled 
to the dynamo. 


Non-expansion Engines.- -During the whole of the working stroke steam is 

admitted bc^hind the piston and 

A c exhausted throughout the return a c 

~ V y- ^ 

stroke while still at a high tcni- \ 

perature, and therefore still ca- \ 

pable of giving up a great amount \ 

of energy. All this energy is 

B — Q lost, so that the efficiency of non- b e“ o 

. exfKinsive engines can never be I'ig. -t* 

high enough to warrant their use. 

Expansive Engines. —In expansive-working engines steam is admitted behind 
the piston until it has reached a certain predetermined point, when the admission is 
cut off by the main valve or by a separate variable expansion valve working in con- 
junction with it. I'hc steam in the cylinder then expands behind the piston, doing 
useful work that would otherwise be lost, and thus a great reduction in the steam 
consuinpiiou is eftcctcd. 1 o make the difference between the two methods of working 
clearer, the diagrams figs. 45 and 46 have been drawn from purely ideal considerations. 
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In fig. 45 the rectangle abdc rej;resents the (|uantity of steam uscal per stroke when 
the steam acts by simple pressure or it may reprc'sciit the work clone in thci 

cylinder. If the steam is aclmitt(:|jl ‘ y/ durinjr the first half of the stroke, and is then 
allowed to expand until the end, tt')?<'b^jram of the work clone will lu* as shown in 
fig. 46. The quantity of steam represehlticl by the area ahkc is now only one half, while* 
the work, represented by the area abdc, is ecjual to nc'arly thre c*-(|iiariers of ihci work 
developed when working non-expansively and using a full cylinder of st(‘am. Th(Te is 
therefore great economy in expansive working, although the jHjwer obtainable! from a 
definite engine is actually less than it would be if working non-c*x|iansively. By 
retarding the point of the engine may be made! to tUiveloji a greater [lower, 

though less economical 1 )^^^ far as steam consumption is concenucl. It is ofii*n v(‘ry 
advantageous to be able to work the engine under an overload for a short time, the- 
loss of economy being of secondary importance under the circumstances. 

When the initial pressure — and therefore temperature -of thc! steam is not gr(*at 
the expansion may take [ilace in one cylinder, as the fall of t(!ni[)(*ratur(! will not lx* so 
excessive as to cause great cooling of the cylinck'r walls and consc*(iuc‘nt coiuU'iisalion 
of the live steam. If, however, thc initial pressure is great, es[jecially with such 
pressures as 160 to 180 lb. jier scjuarc inch, the exjiansion should Ix! sj)rea(l ov(‘r 
two or more cylinders or sets of cylinders, according to the [lower, so as not to [iroduce 
in any one stage too great a range of tenqieratun!. When the ex[)ansion takes place! 
in tw'o stages thc engine is said to be conqiound, and when in thre e stage s, tri[)lc!. With 
[ire.sent-day pressures quadru|)le expansion is seldom uscxl, except for marine [)ur|)os(‘s, 
as thc gain is not sufficiently marked to warrant the more (.*x[)ensive construction of 
the engine. 

Distribution Valves. — The proper distribution of th(! steam su|)|)ly to the cylinder 
is effected either by one sinqile valve or by s(*parat(! valves for th(! admission and thi* 
release of the steam. By mcrans of the distribution valves st(*am is adinillcd u[) to a 
certain point of the stroke, then cut off and allowed to exqiand, and finally is iransft^rrcd 
to the succeeding cylinder or allowed to exhaust. In th(! ('as(! of the singh* D slid(! v.ilve, 
which is more g(!nerall); used than any oth(!r typt*, the st(‘ain su[)[)ly to both sides of 
thc piston is regulated by It. When separate valves an* used they are o[)erated in a 
definite order by a suitabli! gear. Several of the ty[)es of distribution valves most 
generally used will be considered in the following ord(‘r: — • 

1. The D-slide Valve. 

2. Su[)(T[)()sed Valves of the D type. 

3. Piston Valves. 

4. Rocking Valves and Drop Valves. 

I. In the early double-acting pumping engines, which mer(!ly raiscxl and lowered 
pump rods, Cornish equilibrium valves were used, and controlled from the pump rod by 
tappets. Later, when engines were made to rotate a shaft, Murdoch, Watt’s manager, 
introduced thc long D-slide valve running from the port at one end of the cylinder to the 
port at the other, in conjunction with an eccentric on the shaft. At a still later date,* 
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the valve was shortened to the form noyr so generally used. Fig. 47 shows the yalye 
in its chest. It consists of a D-shaped shell upon; a machined fiwe at the siijfe 

of Vragy'linder, so, arc^ged as to open 
ctg^m^tion [hety?^ the 'cylinder {^rts 
anT the steaift supply or eahaust. ; ' / 
The valve is held fiedy in a frame on 
the end of the eccentric rod. so that the 




Fig. 47.— Arrangement of Cylinder and Valve Chest 


Fig. 48 


steam pressure may force the working faces tightly together to prevent the le^tkage 
of steam, and the to-and-fro motion is generally controlled by an eccentric on the .shaft. 
If the faces of the valve were just sufficient to cover the ports (as shown in fig. 48), steam 

would be admitted or released throughout the whole 
stroke of the valve or piston. To permit of expansive 
working the valve faces are extended both externally 
and internally, so as to admit steam during only a por- 
tion of a stroke and to give compression and release. 
The.se extensions are called respectively outside and inside 
laps. Steam will not be admitted to either end of the 
cylinder until the valve has been displaced past its mid 
position by the amount of the outside lap, and the 
atlmission is cut off before the valve reaches the mid 
position by the same amount. The inside lap affects the 
steam release in a similar way. Live steam, however, 
should just be entering the cylinder when the piston is 
at the end of the stroke. To effect this the eccentric 
is advanced sufficiently beyond the right angle, which 
it otherwise would make, with the crank position. Ii> 
practice it is advisable to admit steam before the pi^bh 
is quite at the end, so as to cushion it and assist 111 
changing the direction of its motion; the eccentric jb 
accordingly advanced by a still further amoudt cnllbil 
the lead. The amount by which the angle beti^een th4 
eccentric and the exceeds a right angle is tei^iibci 
the angular advance. 

By increasing the outside lap the ratio of the steam expansion may within 
be made :>as.^esired. The valve faces are made frequently of al^ut.itwicb 

area of the steam ports. Wfeen the valve is of any considerable size the s^m .: 



Fig. 49. — Slide Vttlvo with Balance 
Piston and Relief Frame 




on the back cif 


it a^inst the working face, involves a. seri<>(^ losii 
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power necessary to overcome the friction. It is customary in lar^c engines to use ta’lief 
frames at the l)ack of the sliile to keep the steam pressure from acliii” tliere .4()). I!y 
re(hicin;4 the necessary travel of the Valve the loss can still fiirther l)e rednced. This 
is done l)y making tlu; valve (Ioiihl^^>)jied, ;is shown in fi^. 50. In this w.iy tl'e area 
of steam-port opetiint; is doubletl for ;i oivt-n travt*! of tin; \alve. A similar arraiij^ement 
is the well known Trick valve, which has ;i steam passage ninnitii^ ihroir^h it, as shown 
in fiii'. 51. When it is necessary to reduce the travel of the valve still further the luimher 
of ports may lie iticreased. as iti the ^ridirun \alve, which ma\ haw ten or more j)ort 
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P'io'. 49 shows a halaiico piston as iisod in conjunction with lar^c* and heavy 
vertically placed valvits to support th(‘ir weight. It is not custoinarv to lit the simple 
D-slid(* valv(‘ to the hii^h pr(‘ssure or interm(‘diate cylinders of lar^c* engines on ac('ouiu 
of the' lar|L;(! surfaces which aia; e.xposetl to th(.‘ hijj;h [)ressur(*. d'he\ an- iM-nerally used 
for th(! low-pressure cyliiuler only. In owv. respect the simple valve exu-ls all ollua's, in 
that it acts as a relief valv(‘ undm* an enu-r^c-iu v . If water collei is in the low pressure 
cylinder it may find an (‘xit to the condenser hy idreinti the valve slii^htlv oil its lacing, 
whereas with other forms, such as the piston valve, no ra|)id escape is p(»ssil)le, and damage 
may in consc‘(ju(*nc(.‘ he the result. 

2. Superposed Valves. — 

Wdien the. simj)l(! D valve alone is 
used it is not practicable to cut off 
the steam admission U) the c.yliiuUrr 
much earli(*r than hall strok(*, lie 
('aust? th(^ period during, which com- 
pression tal\t‘s place is (U?t(*rmiiK‘d by 
the duration of th(^ expansion, d'o 
commence! closing the exhaust earlier 
than mid stroke* would i^ivc* (‘xcessive compri-ssion. When an eail\ cut oil is ie(|uiie<l 
it is customary to atld an expansion valve- to control the steam supplv before it reac hes 
the slide valv(*, which distributes the steam to the* c-ncls of the- cylindc i. 

Meyer’s ex[)ansion valve-, shc;)wn in 11,4. 52, lu^loiii^s to this type, but it h,is the- aclcli 
tional advantage that the point of cut-off, and thc-reforc- the c-xpansion. <an be- varied 
at will while the! ctnt’ine is runnintj. I he toj) slide, instc-ad c)| bc-iii^ in c»nc |)iccc. 
is made in two separate parts, carried on a rod cut with a li^ht and a Ic It handed 
sen^w. An eccentric moves the expansion valve c)ver the* poits in the lace of the 
distribution valve as before, while th(! separation 'of the- two parts, which de terminc-s 
the i)oint at which the stcram is cut c-)ff. can be* alt(*red by turninn the* screwed spindle: 
by means of the hand w’he(*l. 

VOL. I. 
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In 1834 I'arcot introduced another form of expansion valve designed to cut off 
the steam more ra[)idly than can be done with the ordinary valve when displaced 
by an eccentric, and thus to obviate the loss (jf steam pressure which occurs as the 
ports are slowly closed. Fhe arrangtaiient, as before, makes use of two valves, one 
working on the back face of the other. The distribution valve is worked by an 
eccentric, while the other on the back ol it is controlled by a vertical shaft and a cam. 
.Springs press the expansion-valve portion against the lower valve, so that it is carried 
by friction with it as it moves, until the two sepanite parts f)f which the e.xpansion valve 
is composed are stopped by ljutting against sto})s on the cam. 

Howe’s link gear, commonly known as the .Sttiphen.son gear, may be tlescribed 
here, as it also [termits of tht; (i.xjiansion being varied as desired, besides enabling the 
(Migine to b(! revers(;d. As shown in fig. 53i eccentrics, one lor forward and one 
for l)ackvvard running, are keyed to the shaft in a definite relation.ship to the crank, 

the forward eccamtric being in advance and the 
backward eccentric being behind by the .same 
angular amount. The ends of the eccentric rods 
are coupled to a slotted arc or link, which engages 
freely with the end of the valve rod. The link 
is suspended from a pendulum rod attached to a 
band lever, by means of which it can be raised 
or lowa.'ietl. When the link is raised the forward 
eccentric rod is brought directly in line with the 
• ■K. .Cl -Oir ii.mi' ..I .st. |.i..nsc)n i.ink (..-.xi valvc I’od, SO that the valv(! motion is determined 

solely by this eccentric. Similarly, when the 
link is low(!retl until the backward eccentric rod is in line with the valvc rod, the 
valve is displaced, reversing the; steam elislributiein, and the backward eceentric controls 
the* motion. H)’ placing the link in an inte.-rmcdiaie position the; eliffercnce of the; 
twi) e*ce;entric motions <leterniine;s the; motion of the valve. It is the .same as if the 
throw of a single; eccentric were; rexluereel, ;ind thus the point eif cut-eiff is adviinccd, 
giving :i gre*ate*r e*.\pansion and compre-ssion. When the link is put in miel position 
the* iwei e*eTe*nlrics lialane.e* one* anothe*r and the* valve* re*main.s practically stationary. 
With link gears of this anel othe*r types it is there*fore po.ssible not only to reverse 
the meitiem of the e*ngine, but also to vary the; ratio eif expansiem to suit the leiad on 
the." e;ngine*. I he; middle.; ol the link is ge*ne*rally called the; de'ad jioint or mid link. 
In practiee*. how«*ver, the <U*axl point, at which the valve is hartlly displaceel, is seeme 
elislance; from the centre point of the link. 

3- Piston Valves. -.SliiU* valve;s e)f the D type; canne)t be; use*el in large high- 
pre*.s.sure e-ngines, as the |)owe*r reeiuired to move; sue h great heeivy valves to and fro 
against the Irictional resistance is ;i cjuite cejnsielerable percentage eif the te)tal power 
eleveleipcel. Piston valvt*s similar te) that shown in fig. 34 are used :dmost always on 
the high-i)ressure cylinder ejf marine engines and very fre([ue;ntly on the intermediate 
cylinelers. 1 he valve* ceensists ol two pistons on one; spindle, working in ;i cylinder, 
and se) tirranged as to ('over and uncov<T rings f)f port hedes cut around the cylineler 
walls. The pistons are kept steam-tight by me*ans of piston ring.s. So far as the 
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steam pressure is concerned the pistons are l)alanccd. The enj^ine has therefore to 
overcome only the resistance due to the friction of the piston rinj^s and the weij'ht of 
the valve, which is very small compared with that of the slide-valve type. 
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4. Rocking Valves and Drop Valves. -There is one strious ol^eeiion 
coniinon lo all valves which control both the steam admission and the (?\haust. The 
hi!4h-tem|)erature steam is broijoht into close contact with the low^-temperature exhaust 
at ciich stroke, involvinif a very considerable loss of economy due to the condensation 
of live steam which takes place. It is also very difficult to design 
such valves with small steam clearance spaces. 'Phe steam contained 
in the |)assages is almost wholly lost when exhaust takes place; 
and further, in larjije engines it is more difficult to govern the 
(‘iigine, as after st(.‘am is cut off by the governor the clearance 
volume of steam continues to act. In moderate specie! engines, 
and where great economy is desired, it is customary, therefore, 
lo use four s(4)arate valves to control th(; admissions and ex- 
hausts from the two ends of the cylinder, thus se|)arating more 
completely the live- and exhaust-steam passages. In the C'orliss 
gear, which will be described more fully later, rocking valves iig. 
of the form shown in figs. 55 and 56 are used. Valves of this 
kind can be placed very close to th(! cylinder, so as to give the smallest [)ossibl(* 
amount of waste cl(?arance space. 'Phe four valves are driven through connecting 
rods from a common wrist plate or eccentric. In the case- of the exhaust valves the 
drive is positive, that is, the valves are both opened and closed by the eccentric. 
The admission valves, on the other hand, are provided with spring connections to the 
eccentric rods, which release the valves as soon as the j^oints of cut-off are reached 
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aM<l allow ilK-ni K. close sharply im.lcr the action ..f sirono springs. In this way 
th.- loss of pressure (hie' to wirealrawin;- of the steam, as the ports are <-ratlually 
close, 1 . is avoi<l,sl. The Corliss rocki.i- valve suffers from the defect that it is difficult 
to hihricate and re(|iiires considerable power ti^ move it, especially when the pressure 

of the steam is hij^h. Hesides this it is lU't balanced, 
■ which means that a wide ran^e of adjustnumt is r,,- 

(luireil in the dash pot, and it is difficult to keep steam- 

^ lioht u\er the working- face. It has, on the other hand, 

JL I advantajre of very smooth running without shock 

I ^ I Cornish or mushrcxim valves are 

I I I ^ preference to the 

~~J 11 C” I rockin;.f valve. b'rom 57. which shows the ty[)e. 

I X I it will be seen that the valve is balanced and friction- 

I I inakino' it very lit^ht to work. An objection to 

their use is the .severe shock that occurs as the valve 

drops back upon the seatinir, thus tending to limit the 
i .f, V- c,„i,i.ii ,.r mmsIiioom \..K r spccd at wliicli the engine can with safety be run. As 

the valve has two faces, which must both be steam- 
tight, it will !,<■ obvious that trouble may be e.xperienced vvhen the valve heats and 

expands, especially when superheaU'd steam is used. The separation of the faces will 

increase, so that one of them is bound to allow steam to leak throtigh. It is a common 
practice to grind the valves on to their .seatings when hot. I'o overcome this 

objirction the viilve is .sometimes Iniilt up in two pieces. 



held springily together, but complications of this n.iture 
very often introduce other equally serious troubl(!s. 

Morley’s piston drop valve, introdticed with very con 
siderable success by Cole, Marchant, iSr IMorley, Limited, 
has none of the objections of the Corli.ss or mushroom 
vah’es. It consists of ;i piston (hg. 58] working in a small 
cylindrical liner, through the sides of which the steam 
ports are cut. 'Ph,- valve is balanctal, is easy to move, 
and when released by th,; tri[) gear there is no .shock 
upon the valve itself. I'liese jc;atures permit of the engine 
being run at an unusually high spe(.-d. It is further 

claimcl that steam superheated to even 700 b'. can be 
employed* without any of the ill effects e.xpericmced with 
onlinary valves. 


Oondensers. Wduai n is ,e,juired t,, obtain the greatest po.s.sible power from 
an engine, and to work economically, and where the supply of Tresh feed water for the 
boilers is limited, it is nec,.‘ssar\ to reduce the back pressure on the e.xhaust side of 
the piston by means of a condenser, which li<iuelies the .steam and produces a more 
or less comiilete vacuum, and to return the condensixl steam to the boiler. Two 
general types of condensers are employed to obtain certain of these results, namely, 
(1) jet londinseis .nal (’j surface condenser.s. 
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A thiril type, the ejector coiulenser, is sometimes also used when a siipjdy of 
cold water llowint>' under a considerable head is availabU'. 

In the jet condenser the exhaust steam and the cold ca)ndensinn water are brought 
into intimate contact, which is und(mbtedly the most effective method of licjiiefyini;- 
the steam. On the other hand, the pumj) re<iuires not only to remove the condensed 
steam and water vapour, but also the water usetl for condensin';- it. In fig. ,59 an 
arrangement is shown in which all the parts are contaimal in one casing. I Ik; exhaust 
ste.un enters at the top and comes into contact with a spray of cold water <lrawn 
from an external tank. A pump is supplied to draw away the condensetl steam, 
vapour, atid air, and also the injc;cted condemsing water. d'his pump must be of 
ample size to remove all th(! water vapour if a satisfactory vacuum is to be obtained, 
rhe puni|) delivers into a h<.)t well, from which the boiler feed pumiis draw their 




rig. 59.— Ji:l CundpiiMT and Pump 

su|)|)ly. It i.s (‘sscniial, if the hollers ar(^ to he. fed from this hot well, that the eon- 
(Icnsiiin* water shotild l)e sufficiently i)iire for the pur[)ose, and that the steam should 
he free from j^rea.se, otherwise (kaerioration of the holler will more than counterhalance 
the savinjLi^ from the us(! of the condenser. Jet condens(!rs are essc^ntlally of simple 
(k*sion, havini^, unlike the surface condcMiser, hut few joints that are likely to leak 
and admit air. They are frecjuently used in conjunction with stationary land entjilH's, 
where! the supply of fresh water i.s ample and not costly. If th(‘ conde^nsint^ water, 
which amounts rouj^hly to about thirty times th(! weii^ht of stc^am to lx* dealt with, 
has to I)e boujLi’ht at any considerable price, there! is no advantage iLjained l)y the* 
u.se of a ce)nelen.ser. It is less costly under such circumstances to use the e:\haiist 
stf*am directly in fee*el-water heaters, e)r for other purposes, without attemjninuj* to 
rexluce the l)ack pressure on the piston. 

Surface Condensers. -When the e:ondensiny water is not of sufficiently tjooel 
([uality fe)r boiler feed it must he kept separate from the condensed st(‘am. For this 
purpose! the surface condenser shown in fitf. 6o is used. It consists of nests of small 
brass tubes of about I in. external diameter, through which the cold and not neces- 
sarily pure condensing; water is ])umped, and around which the steam passes. For 
this pur[K)se a separate circulating pump is ixxjuired. The ( xhaust steam condenses 
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in a)nt;ict with th(‘ cold tiil)(*s and falls to tho bottom of the casing, from whence it 

is drawn by th(* air pump and sent to the boiler-feed supply tanks. Only the actual 

(‘ondens(Ml steam and vapour refjuire in this case to be dealt with by the air pump. 

It is customary, however, on account of the prcisence, through leakage, of air, which 

must b(r removed, to make the air-|>ump capacity as great as that required for a jet 
condenser. In certain cas(*s th(; surface condenser is arranged to be used, when desir(?d, 
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as a jet roiuli-iiscr. riic |trcs(Micc of air in the condenser i.-. objectionable, not only 
on account of tin; effect it has upon the vacuum, but also b(;cause the condensation 
of the steam :i|)|)e;irs to be retarded by the presence of even a small (juantity of air. 
I’lom the (idlin' it will Im' seen that the tubes are div'ided into two i>'rouj)s. The cold 
feed water is pumped by a separaU; circulatiii};- pump in ihrou^di the lower irroup anil 
away throu->h the upper. Th(‘ steam passes in the reverse direction, that is, from the 

top downwards, meetin}>- the coldest watcT at 
the bottom. On account of the severe e.xpan- 
sions and contractions which take place in the 
condenser considerable trouble is e.xperienced in 
k(r{;piiyi; ti.t>ln the junction of the tubes in the 
end plates, and as the condensin'^ water is j^ciu^r- 
ally (iuit(‘ unsuitable for the boiler, as, for ex- 
ample, in marine work, where salt water is u.sed, 
such ksikaj-e is very objectionable. Two methods 
of comuanino the tube ends to the end plates 
are shown in ll-. 6i. .niul of these- ilu- ferule method is the more satisfactory. 

I'he tulKs are ma.le of l,rass tinndd extc-rnally to prevent the corrosion which is 
produced by the deposits of j-rcase from tin- steam. .Sonn-times also they are tinned 
mu-rnally when the condensing wat(-r has a corrosive effect. Copper tubes are never 
useil. as they <|uickly deteriorate. A surface conden.ser should have a tubular surface 

about twenty times that of the onue area of the boilers supplying the steam, and about 
tiouble their heating surface. 
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TYPICAL STEAM ENGINES 

The varied requirements of steam users have led to the construction of Innumerahle 
desijxns of enj^ines, each specially suited for use under certain circumstances. 'Fo attempt 
any description of other than the most typical of these is (juite impossible in the space 
here available. All that can be attempted is to give brief descriptions of the chief 
ty[)es which involve the [)rinciples underlying the design of the majority of the 
steam engines in general use. It is very difficult to make a classification sufficiently 
comprehensive and yet clear enough for (U^scriptive purposes. At the present time! 
engines arc very generally designed to use st(!am at a high pressure, whether single- 
or doubl(!-acting. b'or many [)urposes high-speed engines art! i)ref(!rable to those of 
low or moderate sj)eeds, and are very (!xtensively used, especially for tlu! driving of 
dynamos, fans, and similar plant, and where space is limited. On the other hand, the 
siqjerior steam economy of moderate-speed engines, and their suitability for certain 
services, offer advantages that cannot be overlooked. Both classes high sp(!ed and 
modcrate-specxl — have their respective merits. In the pag(!s which follow, descri[)tions 
will be given of the more typical of (!ach kind. 

No classification into condensing and non-condensing will be attempted, as any 
engine may Ix! designed for use with or without a condenser as rcxjuircxl. 

Beam Engines. — Mention of the beam engine is made solely on account of Its 
historical interest. At the present day it has been almost entirely sii|)|)lanted by the 
direct-acting engine. Many of these engines are still, howev(!r, to be seen driving 
mills, though such examples are becoming incr(!asingly scarce. In mining districts 
th(!ir use is more general, as the b(!ani engine off(!rs certain advantages wh(!r(! the 
direct raising and lowering of pump rods is concerned, and coal consumpti(xi is not 
of serious moment. In general, howev(!r, the great space occupied, the weight of the 
engine, and the heavy foundations and buildings required to house it, make their 
employment impracticable. Fhe chief detail of interest is the parallel link g(‘ar used 
between the piston-rod head, which moves In a straight line, and the l)eam end, which 
moves in an arc. The link gear was used in j)reference to guides, which, in the 
early days of engine building, were more difficult to manufacture. 

Horizontal and Vertical Engines. — By connecting the piston head directly to 
the crank, through the intermediary of a connecting rod, the n(!cessity of a beam was 
dispensed with and the size of the engine greatly reduced. It is possible also, on account 
of the direct connection and the lighter moving parts, to make the engine! work at a higher 
speed, with a consequent reduction in the size of the necessary foundation and the engine 
house. Engines are made either horizontal or vertical or diagonal, to suit the conditions 
under which they are to work; questions regarding space and cost being generally th(! 
determining factors. Horizontal engines take up little head room comi)ared with vertical 
engines, but require more floor space, which, in certain circumstances, is of importance. 
A great advantage is the small amount of metal requir(!d between the various parts of 
the engine, as one bed plate carries the cylinder and main bearings without Involving the 
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use .>f cluinnx ..s i.i th.- vcriical .-nam.-. Unl.s.. in ihn smallest sizes, where ih.r weii;hls 
„f ihe isirls are ant ereat. irnuhl.t is e.s|K rience.l thmuah un.slual wear.nj; nf the e) int c r 
linrtr, paekinn rinns, anti n.cls. The w. IkIus art .Inwnwar.ls, so that the wear ,s always 
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the worst position for stc;acly runninj^ anrl require heavy columns for their support. 
It is Generally more convenient to have the shaft low down and the cylinders on top, 
a.s, for example, in marine engines. An illustration of a marim; engine is given in 



Fii(. 64.— Marine- ryj)C Kngine with Surface Condenser 


fig. 64. It will he noted that the columns have been utilized to form the condenser 
casing. In fig. 65 a typical small stationary engine, with all th<! parts .st;If- contained, 
is sljown. Under certain circumstances a compromise has to lx; made between the; 
horizontal and vertical lype.s. Light-draught paddle steamers, for example, in which 
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;m(l condenser. ( )nly a 
Im’l;. ('ij shows llie I )a\’e\ safely 


l)oth ihe lloor spare and h(‘ad room are limited, are 
fnajiuauly fitted with the diagonal tyjie ol‘ cnj^ines 
shown in li<(. 66. In this way a sufficiently Ioiiil;- 
stroke and connectini;* rod are obtained. Wall 
engines are oft(.*n used where lloor space is very 
valuable and vvh(M‘e the nature of the drivt* permits. 
In such cases, as the name impli(.‘s, the (rnoiiu! is 
self contaiiKHl and bolted to a wall. Caixi must ]nt 
taken that the eni^ine is particularly well balanced, 
oth(‘rwis(^ the wall may be shakiai to a serious extent. 

before dealing* with high -pressure* and hiy h- 
sp(*ed eni^ines, some description may be i^iven 
here of the domestic (^ni^ine*, so called from its 
sup|)os(!d safety and from its suitability for us(^ in 
small [)ri\’at(.* installations. It is desii^ned to work 
with stc‘am at atmospht*ric [)ressur(.* or a few pounds 
above it, and compris(*s in one body a boiler, 
\(*ry small power can be obtained from such cinijincs. 
mot(.)r arrann-ement. It is a combination of an enm'iiK? 





a.ul ..I a vertical l.cilcT v ith a e.Mulenser. whic:h consists of a number of uprit-ht tubes 
arranijec! at tbe back of tbe^ holier in a separate casin- A skilled attendant is not 
necessary, as tin- construction is of the simplest kind and little attention is reciuirecl. 
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Safety IS ensured by the low prc'ssiire, and (?v(‘n if th(‘ i)r(‘ssure should rise from an\ 
cause, tlie small store of water in the boiler would iK^t cause much serious damaL^e. To 
raise the necessary pressure and start the engine only about ten minutes are r(‘(|uired. 

'Woolf Engine. I I<3rnblowers original form of compound engine, r(‘viv(‘d by 
Woolf, consists of two cylinders connected directly without th(‘ us(‘ of an int(‘rmediate 
steam chaml^er. As the one cylinder discharges dirc^ctly into the other, th(' |)istons 
require to move in unison, the one commencing its stroke as the other finish(*s; that 
is, they must act upon the same crank or on opposed cranks, or th(^ cylinders must 
be arrant;*ed in tandem with both pistons on one rod. h'n^ines in which the steam 
passes directly from on(» cylinder to the next are call(‘d Woolf engine's, in contradis- 




tinction to engines in which the steam from the first cylinder passes into an inter 
mediaUi receiver before lieing admitted to the next cylinder. As th(* chi(.‘f advantage! 
of compound w^orking was unknown to llornblower or Woolf or to many of their 
followarrs, it is j)robable that the obj(!Ct aimed at in the division of the total (expansion 
over two cylinders was to permit of a b(!tter distribution of the •forces, thus reducing 
the weights of the parts. For expansive working Woolf used simple slide valves 
on both cylinders, as shown in fig. 68. Woolf engines combine the essentials reejuired 
for uniform and economical working, and have been accordingly much used for spinning 
and weaving mills, in spite of their relatively high price and the larger number of working 
parts involved. 

Compound Engines. — llornblower and Woolf, by dividing the expansion of th(! 
steam over two cylinders, obtained an advantage the whole nature of which was not 
realized until a later date. When stc!ani is expanded ii) a cylinder from a high to 
a low pressure the temperature falls accordingly, and the cylinder walls are subjected 
to a great range of temperature, being at the end of th(! stroke in contact with the 
low-temperature exhaust steam, and at the beginning with thc! live st(sim at the 
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lK,ilcr icmi).-rat..n-. There Is tlu-rcforc. inidcr these circumstaitccs. a senou.s amount 
of initial condensalion of the' steam, involvin- a loss of economy. By expandmfr the 
st.-am in two stages lh<t ran..(^ of temperature in each cylinder is decreas(Hl and the 
condensation of the st.-am is largely pnwented. When the .steam pressure is h.-her 
than 120 Ih. p(;r s.luare inch it is advisahle to e.xpand in three stages, il the range 
of temperature in any cylin.ler is to be kept within the point at which condensation 
s.-riously takes place, for triple-e.xpansion working, however, i6o to iSo 11). pressure 


is us.-d in preference to th.; lower pressures ot icxo t..) I20 11). 

Receiver Engines. In th.t Woolf engine the cranks |)ass their de.id centres 
simultaneously, so that the exhaust from the one cylinder may pass directly into the 
.)ther and expand usefully there. When it is necessary to dispose the cranks at other 



ani^Ics than iSo', s.ny at i)n'\ as is jLjcncrally the cusloin in marine or other reversil)l(! 
eniL^iius, \Nhere it is not tlesirahle to liave hotli cranks sinuiltaiK^oiisIy on their dead 
ci'iitres, an intermediates receiver must he fitted hetwenm th(s high- and the low-pressure 
cyliiulers to contain the st(‘am (‘\haust(Ml from the high-|)ressure cylinders until the right 
moment for its admission to the low-pressure ( ylinder. l^'igs. 69, 70, and 71 show three 
positions of a com|)ouiul vertical engin(‘ having its cranks at 90", by means of which thet 
action may lie ex[)lain(!d. In position i the piston of the small high-i)ressure cylinder 
is about to desccMid, and the piston of fhc low |)re.ssure cyliiuUa* is at the point where 
its valves is about tc^ close, .so that thes st(‘am which has entered this cylinder from 
th(' receiver may (s.xpand. Position 2 shows the* low-pre.ssure piston at the end of 
its stroke*, when the steam from the* receiver and from the high-pressure cylinder is 
allowc'd to (‘liter under it. Positi»)n ^ shows the high-[)r(!ssure cylindc^r completely 
exhausted and th(‘ low-pressure piston about half-way u[). At this point, or a little 
b(‘for(‘, the admission valva* to the large cylinik'r is closed, and the sunim is allowed 
to (‘xpand, while the other sid(! ol the [liston is open to the? condenser. It is very 
essential that tlu‘n' should be no drop of pressure between the high pressure cylinder 
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exhaust and the receiver, as such a drop means an irreco\'erable loss, and ihc' 
pressure! in the receiver should not fall below th(! final [pressure of tlu! small cylind(*r. 
rhis can be arraiyijed by altering* the point at which the admission to the low pressure 
cylinder is cut off. By makint; the cut-oft* earlier the pressure in the receiver is incr(‘ased, 
and by delayini; it the receiver pressun! may be reduced. In this way any drop in the 
receiver may be obviated and the work done in the two cylinders may Ik! ('(jualized. 
It is advisable in practice to allow a small droj) of about i Ib. |)ressure in the rec(‘iver, 
the loss involved beini^ of a ne):;li;^ibl(! amount. Not only the cylinders but th<* receiv(*r 
also should Ik! jacketed with live boiler steam, to ensun! as far as |)ossil)le that th(‘ 
temp(*raturc of the cylinder walls does not fall below that of the enterintj steam. It 
is advisable also to use live steam in the jacket of the low-pressiin! cyliiuk'r in preference 
to receiver steam, otherwise it may simply act as a wet jacket round the cylinder. All 
th(! jackets should be well drain(?d, as the presence of water leads to further ra|)id con- 
densati(^n. Vhe intermediate receiver may b(‘ formed in th(! casing* between the two 
cylinders, or it may be a sepjirate chamber connected b\' piping*. ( )ccasion;ilIy th(? 
connectiii};' pi[)es are made sufficiently lar^c! to act alone as a n^ceiver. I'he arranyc?- 
ment may he varied in endl(‘ss ways to suit the conditions of workini*'. No <4en(‘ral 
rules for the proportionini*' of the various cylinder and receiver volumes can be i;iven 
h(‘re, as th(*s(! ile[)end upon the [)ower to be* develo[)ed, the steam pressure, th(! sp(‘ed, 
and other conditions, d'he receiver capacity should be at least (!(jual to that of the: 
small evlinder and not more than that of th(.‘ lan»(*. Its h('atiiv»* surface should b(‘ about 
I to i.i times the inner surface! of the low-pr(‘ssur(! cylinder. In marine eni^ines 
the two cylind(‘rs an! provided with ordinary valves worked by .St(‘phensoifs links and 
controlI(Ml by the same* I(!ver, but when more! complete control is ele‘sired the! link 
14'e‘ars are se) arranged as to be! se!parately e:()iurollabIe!. When the pre‘ssure!s use'el are 
hijL;h a piston valve is fitte!el te) the hiLth-pre‘ssure! cyliiuler in |)Iae:e* e)f the e)relinar) 
D sliele‘. In land engine's be)th cylinders are! ge!nerally arrangeel fe)r variable expansion, 
the small cylinelea* valve being e:ontrolle!d by the gove*rne)r while the le)w-pre‘ssure xalve! 
may be varied by hanel in order to simplify the gear. 

Advantages of Multiple Expansion. By using two or more* cylinders in 
which succe!ssively to expanel the steam, it is possible! to commence! with ste-am at 
a much higher initial pressure than ce)uld be! used in a single cylinder, and thus to 
obtain the incre‘ase!d economy which high-[)ressure steam permits of. On acce)unt of 
the smalle!r range of temperature! in each cylineler, anel the! smaller cexjling surfaces, 
the condensation le)sses are lessened. The elivisie)n e)f the [)ower e)ver me)re than e)ne 
cylinder permits e)f a better elistribution e)f the lejad, enabling lighter me)ving parts 
to be used, anel permitting e)f a higher speed. I'o obtain a sufficient te)tal range, of 
expansion e)ver the cylinelers it is not necessary io cut e)ff unduly early in any one 
cylinder, so that it is unnecessary to use a comjdicated t\pe of valve gear. y\Ithe)ugh 
compound engines appear more complicated, their cexst compareel with that of a single 
engine of the same power and (‘conomy, and using high-pressure steam, is less. 
These advantages have made the adoption of compound and triple-expansion engines 
universal where, as in marine work, economy is essential and high-pressure sU'am 
must be used. 
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Corliss Engine. Vhr first ciittiiic of this iyi)c- dutcs from 1.S50. I htTcaftcr 
it was very considcraldy modillod Ijy Corliss, whose name is now used to dislin-insi 
The admission and exhaust valves are sei)arate but eontrolled together, 
thus four cylindrical valves operated from a common eccentric or “wrist 

plate", so as to oive the necessary 
steam disirilaition. The t>car may 
be arranoetl to admit steam through- 
out the stroke if desired. There 
are many designs of contrullini;' 
oears, and it is not possible to do 
more than mention one or two of 
the more typical oiu^s. Mo. 72 is 
a diaorammatic arrangement of the 
oear fitted by ('orliss to many 
eiyoines in Europe about the year 
1S52. The two admission and the 
two exhaust valves are operateil 
from the circular wrist plate, which 
receives an oscillating motion di- 
rectly from an (iccentric on the 
engine shaft. In the case of the 
exhaust valves the levers i., 1., are 
driven directly from the wrist plate, 
but this is not so in the case of the admission valves, which must close sharply. 
.Sprinits ss hold the connectino rods of the admi.ssion valves in contact with the 
levers I, r„ and when this is so the oscillation of the wrist plate causes the valve to 
open. At a predetermined point of the motion, however, projections kk on the con- 

iK'ctino rods come into contact with inclined 
planes m .m, ami are depressed until they 
ilis(me|'aee ihi.; (.‘lids of the valve levers L 1,, 
which close sharply under the action of 
the sprin<>- dash pots iir,;. An improved 
arrangement introduced by Messrs. Ingiis 
.Spencer is illustrated in ti<ts. 73 and 74. 
As bed'ore, the exhaust valves nit are driven 
liosiiively from tint wrist plate, but the 
arranycnient of the trip "ear for the atl- 
mission valves is simpler, hatch connecting 
rod consists of two springs which (aigage 
the heatls of the valve levtavs. At the re<[uiretl moment, when the wrist plate has oscillated 
to a ctatain point, th(! springs are forced apart sufficiently to disengage the levers and 
allow the v.dves to ch-.c smartly umlcr the action of the .springs in the dash pots cc. 

I h(‘ C-orliss valve has an attractive appearance, and works with mathematical 
precision provided every care is taken to keep it in good order and adjustment, h’or 
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this rcjison it is aclvisahlc! to entrust (‘njrines fitted with Corliss o*(*ars to men who 
thoroughly understand and have experience of the mechanism. 

Automatic Trip Expansion Gear. -In the illustration fi^;'. 75 a lon.i; stroke 
tand(‘m compound engine, as mad(t by Messrs. Robe)^ of IJncoln, is shown. It is fitted 
with double-lxtat admission drop valvcis operaUxl ihroui>h a trij) year, which is furtlua* 
automatically regulated by the 
governor. (iencrally the ex- 
haust valves arc of the simile 
yridiron type, but in the example 
yiven double -beat droj) valves 
ar(! used, driven diixictly without 
any trip o-(^ah bdy. 76 shows the 
tw'o admission valves removed 
from the cylinder, toyc^ther with 
th(! yovernor and the tri[) year 
as used. In fiy. 77 a section 
through the t:ylind(*r and valv(‘s 
shows the action of the year. All the valv(‘s are operatcnl by m(‘ans of eccentrics 
keyed to the shaft running alonysidt' the (myine. d'he balanced admission valv(‘ is 
raised by means of the eccentric rod, which at one point of its stroke acts upon and 
depr(‘sses the end of the small horizontal lever which (myayc's the valve* spindle. 'This 
point is just before the piston has reachexl tlui end of its travel. Owing to th(! differemt 
[)aths describ(.‘d by the* (*nds of the eccentric rod, link, and the lever r(‘spectiv(‘ly, the 




Kig. 75. — Kobey 'r.iiidrin rornpounrl I'lngiiK* 


trij)p(T at a certain point slips out of contact and the valve drops sharj)ly, cnltin;^ off the 
steam supply. 'I'he arran.ifement for securing an automatic cut-olf is va-ry simple. 'Hie 
governor in rising moves the lever arm, and with it the pivot or fulcrum of the small 
leviT, so that the tripp(;r los(ss its contact aiul allows the; valvc! to fall at an earlier 
period in the stroke. In this way, as the governor rises and falls, the point of cut-off 
is advanced or retarded accordingly. Great regularity of running uiuler very varying 
loads is obtained with this controlled gt;ar, and by the use of balanced valves. 
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II is soincliincs ncc’css.iry to hiivo ;i rcndy nirans of instantly stopping- tho engine?, 
as, for example, in eases of emerj^cncy \vh(*r(‘ claiv^cT to life oi to the machiiKa'y is 



involved. d'o provide for this 
th(? lever arm is prolonged past 
th(! o()vernor, and lias attached 
to its end a cord which may 
be led to any desired part of 
th(i l)uildini 4 -. Hy piillinjii* this 
cord the trip 1(‘V(t is pulled out 
of contact, the admission valves 
close, and remain so as loni;’ as 
the lever is held up. 

Piston -drop Valve En- 
gines. An example is ;^iv(*n of 
a tandem compound en;j;ine as 
manufactured by Messrs. Cole, 
Marchent, Morley, of lirad- 
.ford, w'lio hold the record for 
the most economical entwine r.vv.r 
instalh'd. The results were ob- 
tained from a compound vertical 
two -crank enyine, usini^ sup(*r- 
heated steam, under test by a 
committee consisting* of Messrs. 


M. Lon^ridj^e, J. d'aylor, J. H. 
Cow, and 11. M. Lonj^ridne. 'rhese results are lan^ely due to the use of piston valves 
which permit of highly superheated steam b(!inu* used. With other types of valves, such 
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as Cornish or Corliss, on'at trouhhr is exprrionctHl throui^h leakage' wlionovcr hii;li- 
temperature steam Is us(!cl. 'Phe Morl(.‘y piston valvc\ fiu;'. 5S, is not affected in the* 
same! way, as the valve [)iston rini^s keep th(^ valve tii^iu at all K'mperaturc's. It 
can also be run at a higher speed, as, unlike the! Cornish valve, it doe*s not re*e[uire 
to close de)wn metal to metal upon a sesitinj;*. Valve.s of this type! have the! furthe*!' 
advantatje e)f re*eiuirin^* very little lubrication. The saving;- of oil is in itse'lf a ^reat 



78.— TaiKloin CumpoumI JOni^inc by xMosbis. (olo, M.iidicnt, tS: Moiley 

consideratie)!!. d'he! e!e:e)n(.)mical results already ref(!rred to were obtaineel with st(.*am 
su[K‘rheated to /(xP 1"., and were as f()lle)ws: — 

Me!an ste.*am pre*ssure. at stoj) vaK’e*, 1 17 Ib. pe*r sejuare inch. 

M(‘an ste*am temperature! at stejp valve*, 740' I\ 

Mean vacuum in condenser, 26.V in. 

'Total steam pe*!* indicate!el horse-i)()we‘r per hour .at i.h.p.. 9.1 lb. 

'Total st(*am per indie'ated horse!-pe)wer [)er heaur at 433 i.h.|)., S. 5S Ib. 

'Th(! e‘n4ine test(!el was of the inve*rted compound marine ty|)e‘, with unjack(*t(*d cylinelers, 
each fitted with twea aelmission and two exhaust valves all of the* piston -droj) type. 
A surfae'e cond(*nser was alse) us(!el. 

In the illustration, 11 ^. 7<S, the* enjj^iiU! is of a horizontal tande*m ce)m|)ound type*, 
with the* air pum[) e)f the je!t coneleiiiser elriven elire!ctly from the tail rod e)f the low- 
prerssure cylineler. Piston-drop valv(‘s are useal thiT)U!4he)Ut. Pistonalre>|) valve* e^m^ine's 
have be!e*n made with |L;n!at succe‘ss in Heloium by i\l(!ssrs. V.an de*n Ke'rchove. 'The'se* 
eniLt'ines eliffer eanly in de!tail from that illiistratexl ; the common feature is the* use of 
the piston valves, but in the Kerchove engine the piston valves .are* [)laced in chambe‘rs 
in the fre)nt and back cylinder covers in e)rder to reduce as far as possible the clearance* 
sj:)aces. 

Positive-gear Engines. With trij) I^ears the drop valves, unless when e)f the* 

piston ty[)e, re!ejuire to be very accurately adjusted, so that on closing; ihcty just toia h 

their se.atini>'s without excessive shock; and constant attention is necess.ary to preserve! 

th(! adjustment. Te) permit e)f rotational s|)(!(!ds cxcc!edlng* So or too, positive t^ears 

have b(!en devis(!d to take! the place of the trip i^ears. The Recke-Ruston ye.ir 
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nic'iniifaclurcd hy Rustoii, l^'oclor, (a)., of Lincoln, is one (example. I he valee motion 
is obtained hy (he rollinu»' contact of ciirv(*d levers, so shaped as to .L;ive th(! desired 
lift without friction ;ind without wear on the contact paths. As indicated in the illustra- 
tion, i\[^. ycj^ the one cam is operated directly 
from the eccentric rod, while the hook cam on 
the valve spindk* is ke[)t in contact by means 
of an adjustable spiral sprint^'. Regulation is 
effected l)y a special L;ov(--rnor acting’ u|)on the 
e('C(MUric which controls th(' valves 

Sulzer Engines. A four-cylinder tripl(!- 
e.xpansion eni^ine by Messrs. Sulzer Bros., ot 
S witzerlaiul, is shown in So. I{n<>ines of 
this type arc^ made for normal outputs of from 
250 to 6000 h.p., usine^ steam at from 140 to 
200 11)., and work in conjunction with a con- 
denser. According' to th(^ size and pressure 
the consumption varies from 12 to ii lb. of 
saturated steam per indicatc.xl horse-power hour. 
By superht'atini^- the steam to from 4S0'' to 
650 k. this consumption may Ik.* reilucetl by to 2| lb. 'rherc! are two low-jn'essurc? 
cylind(*rs placed in tandem with the hiyh- pressure and the inUaanediate cylinders 
n'spectivc*!)’. 

1 h(.‘ admission \’al\'es and the e.xhaust \’alves, of each of which there are two littt'd 
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10 <a(h ryliiKk-r. ;uc; shown in fiu-. 8i. They an; alnicxsl i^erfectly Ixilancccl. and have 
<-.uh two or ,n..rc conical sciin- sLaiaccs, Ample diameter, combining larire port area 
with small clearance, is provided. The ptxnliar construction of the valve renders it 
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lastingly steam-tight, and siiitalde for high -pressure or sn|)erheated steam and for com- 
paratively high speeds. On the high-pressure cylinder the admission valves are con- 
trolled by a trip g<?ar, which is varicul automatically by the governor from o to 55 per 
c(;nt cut-off, corre.sponding to the lo;id, thereby ensuring uniform working and minimum 
steam consum[)tion. They are providtrtl with 
air dash pots for soft closing. 'I'he admis- 
sion valves on the intermediate and low- 
pressure cylinders have a constant cut-off 
.adjustable by hand. All other \alves are 
operated through rocking levers or c.ams, 
which afford very favourable leverage at the 
moment of o[)ening, then (juick motion both 
ways, and finally a soft closing action. 'I'he 81.- suiw vau.s 

cylind(;rs are steam-jacketed throughout with 

live steam, which is also led around the main valves, .and particular attention is paid 
to the drainage of the jackets and cylinders. 

Wheelock Engines. In the Wheelock engine all the valves an; placed on the 
under side of the cylinders where the.se are horizontal, so that tlu? condensc.-d ste.am 
readily drains .away. I'he .admi.ssion and (;.vhaust valves at e.ach end ar(‘ combined 



Fig. 82. - -Wheelock lingine Valves and CJcar 


in one casing, as indicated in the sections of a Wheelock engine made by Messrs. Daniel 
Ad.amson & Co., of Dukinfield, figs. 82 .and 83. The valves and se.ats are of th(! fiat 
grid ty{)C, giving a large port area for a small travel, and small frictional surfaces. 
Almost instantaneous opening and closing are obtained, with ease of action under 
extreme pressures, by the use of a toggle joint, as shown in the s(;clion fig. 82. I'he 











70 


TlIJi STIwXM J^NGINE 


s<'rv(*s ;is an exhaust chaml)er. As the (Mioine is sin-l(-actino-, l)uck(*t pistons are listed 
in order ti) dispt.Mise with int(*rme(liat(* connectin'^’ rods and to reduce the niovint* vv eights 
and lh(! size of the en^in(^ Tse is made of tlie spherical oscillating* connection ot the 
piston and rod head hy making* it uncover a sup[)lem(mtary exhaust ()ort, which remains 
open duriiv^' part of ih(! hack stroke. Steam releases is effected by the [)iston uncovc liny 
exhaust [)orls in the cylin<ler wall. 1 hree piston valv^es worked from a common ecccmtiic 
distrihuK! the steam to the working sides of th(t pistons. A centrifugal yovc^rnor in line 
with th(‘ shaft acts u[)on a throttle and thus reyiilates th(i speed as the load fluctuates. 
Many of these enylnes hav(i lK‘(‘n built not only for running dynamos and Ians but 
also for use with compresscal air. As steam enyin(\s they are beiny entirely displactal 
by th(* (loubleaictiny hiyh-sp(*(*d enyine. 

/\ very uniform turniny mom(!nt and freedom from vibration is obtained by the 
disposition of the three cylinders, and, as the cylinders are sinyle actiny, ihv. stress on the 
crank pin never chanyes from push to pull, as in tlu; ordinary doubl(?-actiny rctciprocatiny 
enyine. 

The Willans and Robinson Central - valve Engine.- Until ncently the 
Willans and Robinson enyine was yreatly favotired for the dinxt driviny of hiyh' 
sp(*(‘il mat'hiiuay, owa’ny to the uniform turniny moment on the crank shaft and the 
fre<‘dom from shock at hiyh six^eds, and also on accotint of the very economical results 
obtaineil by them. Hy th<* introdiu lion of forced lubri('ation, Messrs. Helliss Morcom 
hav(t mad(‘ it possibk? to run doubl(‘ actiny (‘iiyiiu^s at hiyh spe(Hls with |)ractically no 
shock and but little w(.*ar. As a r(‘sult, the double-actiny enyine is rapidly dis])laciny the 
sinyle ju'tiny enyim* from its hitherto favoured position, 'bhe exccrllcMit reputation earned 
by the Willans (myiiu; has betm to a larye extent dut! to yood workmanship and desiyn. 
When, h(»w(*v(‘r, a breakdown of the enyine* does occur, ihc results may be very 
disastrous. A somewhat detailed description of the (myiiU! is yive.n, as the desiyn is 
of a most inter(‘stiny and novel kind. 

'[ h(! (‘iiyine is built eitlu*!* sim[)le, compound, or triple, accordiny to the workiny 
steam pressure, and with one, two, three, or more cranks, accordiny to the power and 
th(! uniformity of drive re(|uired and freedom from vul)ration. In tht* simple enyine there 
is OIK* cylinder arranyc‘d in’er each crank. When th(! c^nyine is compound a hiyh-pressure 
cylind(*r is [ilai'cd in tandem o\'er each low-pressure cylind(*r, and similarly, for triple 
(expansion, three.* cylinders in line* act upon each ot the! cranks. This arranyement dis- 
tinyuishe*s the: Willans e*nyine! from other hiyh-spe^enl enyine*s. The chief advantayes 
yaineel are: an eHjual distribution of the work over all the cranks under all conditie)ns 
e)f load; more* uniform turniny moments;* and a yain in economy elue to the more 
ihorouyh cyliiuler drainaye* that is pe)ssible ce)mpared with that obtainable with any 
siele-by-side arranyement e)f the hiyh- and low-pressure cylinders. Efficient drainaye 
is facilitated by the use* of the Willans cemtral-valve arranyement described later. 

hiy. So she)ws a sim[)Ie enyine^ direct ce:)upled to an e*le'ctrical yenerator, and fiy. 
S7 shows the arranyement ot cylinders in the com[)ound enyine. The cylindrical 
vessel on the riyht-hand sid( is a st' .'un separator, w^hich is always provided to ensure 
a supply of st(!am as free from water as possible. As the enyine is sinyle-actiny, all 
the mo\ iny parts are in constant thrust. In double-actiny enyines, on the other hand. 
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tlicrc is a n^vcrsal of tho stress at the end of each strok(\ which at hi^h speeds involv(\s 
sev(M*(‘ knocking and wear unless special precautions are ado[Hed. "Fhe Willans c!n;4ine 
does not suffer in this way, there beinj^j no reversal of the stresses and no conseejuent 
knockinij. Only very lii^ht uj)per caps are used on th(! main -shaft journals, as the 
shaft is always forced downwards, and similarly, as the hiif end of the connectiniL;' rod 
always presses on the crank pin, a small narrow bottom cover only is re([uired. This 
permits of more (efficient lubrication and more silent runnim;'. As will bi^ seen from 
fios, S6 and 87, and from the section 88, the entwine is completeK^ (Miclosed. At 
every resolution the cranks dip into the oil and waten* which partially fills the lower 
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casing'; and thus as the? cranks rotate! the oil is splashe*el over all the working* parts, 
so as not only to lubricate; but also to cool them. 

Simjde expansion engines are generally supplied for |)ressures below 100 Ib. per 
sciuare inch., compound for |)re.?ssures between loe^ and 160 lb., anel triple expansion 
for j)re!ssures above 160 11).; but these figures fre.*e[uently \’ary with either conditions. 
Similarly, condensers may or may ne)t be fitted, their use being determined by con- 
sideratie^ns apart from the engine, such as the supply eir cost of ce^oling water. Super- 
heated steam is fre;e|uently used. The symmetrical elesign e)t the engine, the use; of 
piston valves with sim[)le s[)ring rings, and the total absence of steam packing and 
other features all favour the use of high-temperature steam; but the difficulty of obtaining 
a suitable oil limits the temperature to about 550° E. at the engine stop valve. As 
already mentioned, the Willans engine consists essentially of a separate engiiu? driving 
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cHch of the tninks. In this way a vnry uniform turning moment is olHaiiK^cl at all 
loads. When the hi.oh-, intermediate-, or low-pressure en-ines act side hy side upon 
diff(;r<;nt cranks, as in other en.i^ines, it is po.ssil)le to arraiv^e for an e(iual di.strd)ution 
of th<; work at one load, hut not at all. 'I'he Willans eiioine is therefore e.xcellently 
siiited to the driving of laroe multiphase "enerators in parallel under varying loads. 

.Sufficient of the essential details are illustratcnl in fio- to make the <iction of 
the enoiiu; clear. I he figure shows a com])ound two-crank engine with the pistons 



87.--WiIl.iMs (.’oin[)(.)iin<l ‘llirfL'-CMiik Jingine 

and valvc.s in position but the* conncclin;^ and eccnitric rods r(.*niovcd. At the* top is 
plae'cd the: hii^li prossuro cylinder with thc! low-j)r(‘ssiire beneath it. The third cylinder, 
which serves as a trunk for the crosshead, acts as an air buffer to ensure that the thrusts 
on till! niovint;' parts never chanj^c! to pulling;' strt*ss(‘s. In this way knocking’ at the 
brasses is eliminated, and silent running’ is ensured. 

It should be iu)ted that this air compre.ssor d()(*s not involve any serious loss of 
[)ower, as the c()m|)r(‘ssed air i^ives up its energy ai^^ain on th(! drivin;.; stroke. 

fhe piston rod is a hollow trunk pierce^d with suitable* steam ports, and encloses 
a scri(*s of piston valves carried toyelher u[)on oik* rod. Motion is communicated to 
the valves by m(‘ans of ( < <*eniriv c.trricd upon the crank pins betvv(*en the connectin<f 
rods coupled to each line of pistons. Hy carrying* the eccentrics u[)on the crank pins 
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the valve and pistons move together, while the setting of the eccentric gives the valve 
a certain travel relatively to the ports in the trunks of the pistons. In this way 
any required distribution can be arranged for. The cut-off is determined by the 
height of the gland on the cylinder top into which the trunk (lisap|)ears. 

Steam is admitted to the upper chest by means of a piston throttle valve controlled 
by a centrifugal governor on the main shaft, and passes through the port holes in the 



Fig. 88. — Section of Willan.s ('ompoiind Two-(.'rarik Knginc 


valve trunk into the high-pressure cylinder. As the pistons move down, the admission 
ports in the trunks disappear into the ca[) gland, and so cut off th(t sup|)ly. 1 he 
point of cut-off can be adjusted by altering the height of this gland. f)n account of 
the setting of the eccentric the valves have a travel relatively to the trunk, so that 
the second piston valv^e as it moves closes the port and then passcLs it, allowing the 
steam to exhaust at the correct moment into the space beneath, which acts as an 
intermediate receiver. A similar arrangement of glands and valves and ports deter- 
mines the subsequent distribution of the steam to the succeeding cylind<*rs and finally 
to the exhaust. 

vok. h 


10 
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The Beiliss Double-acting Self-lubricating Engine. — Until the introduction 
of forced lubrication by Messrs. Beiliss & Morcom, of Birmingham, the doublc-acdng 
engine could not compete with the single-acting quick-revolution engine for silent running. 
As alnracly explained, silent running is secured in the single-acting engine by the provision 
of an air liulfer, which prevents a reversal of the stresses at each end of the stroke. In 
the double-acting engine the stress reversals cannot be removed, although the objection- 
able results, so far as siUait running and wear are concerned, may be almost entirely 
eliminated by the adoption, in conjunction with careful design, of the system of forced 
lubrication introduced in the Beilis engine in. 1890. If the conditions be considered which 



Front Section 



Figs. 89, 90.-— The Beiliss St Morcom Double-acting Engine 


exist between a journal and its brasses when under a load which continually reverses, 
such, for example, as exist at the crank pin, it will be seen that the top and bottom 
halves of the bush alternately transmit the driving force, and that, while the one half 
in this way l)ears upon the pin, the other half becomes separated by an intervening 
space. This rci)eated opening and clasing of the parts results, at (juick revolutions, 
in severe knocking and wear, unless s])ecial precautions are taken, such as forced 
lubrication. 

Oil is pumped, by means of a special force pump, into the space which opens between 
the bush anil pin under a pressure of from to to 20 Ib.. depending upon the speed of 
rotatioiv and the load. As the .sjiace close.s, the oil is forced out partially. The .space 
has opened again, however, before the layer of oil has had sufficient time to be wholly 
expelleil, with the result liiat the metal surfaces are consUintly separated by a cushion of 
oil, which not only prevents knocking but also almost entirely prevents heating and 
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The Galloway High-speed Engine. 'Vhc systrm of forced luhriralion aln'adv 
(l('scrilx‘(l is used in the doublc-aclin^ oni^incjs inaniifaclurc*d by Messrs. ( iallo\\a\ , Finiiied, 
(3f Manclieslcr. Unlike the iJelliss enj^ine the (iailoway eonipouiul c-ni^iiu* has srp.iiale 
piston valves and eccentrics luted to c‘acli cyliiuUa'. ddie tilple-expanslon ( iiL^ines of 
Ixjth firms are also fitted with separate ])ision valves. A sectional \ iew throuidi the 
cylindta's and valves is uiven in Iil;*. 92. What has alrcad) been said reL^ardin;.; double 
acting eiv^inc^s applies in {.general to this (*neine. d'hi‘ chi(‘f features of die desiLUi are 
the ample pro[)ortions of the parts, and the extra lar^■e beariny' surlaees considered 
desirable by the makers. 


THE MANAGEMENT OF STEAM ENGINES 

Starting Non-expansion Engines. If the engine is of th(‘ vca-tic/al or diaiM)nal 
type the piston should, belore starting, |)(‘ brought towards the* upper end ol the c\linder, 
s(~) that the stcram, by first enteriiiLi* uiuka* the piston, may drive the condeiisod water 
away through the drain pipes at the? lowca* end of the cylinder. ( )tlu‘rwis(*, il the piston 
is at tlui IxUtom and sUnuii enters abo\'e it, tlu? coiulensc'd water Ircjin the steam pipes 
will ('ollect in the cylinder, and on the down stn.ike will oiler considerable resistance as 
it is (‘xpelled through the restricted |)assag(!s, or thci relief valve if such is pro\'ided. 
The shocks may be so great as to ('aus(^ serious damage to the parts, and, il the eiitraiu’e 
of steam is too stidden, the cylinder cover may be fractured by the* sudden shoc k ol the* 
water. It is indisjiensable, therefore, that bc*forc? starting the engine the drain cocks 
should b(! opened, so as to expel the condenserd watca* from the: cylindc.*r and jiiping 
where it is likely to accumulate. During running the drain cocks should occasional!)' 
be ojiened to allciw the water that may have gathered tc.) esc-ape. When the c ylinder 
is horizontal the starting [losition of the |)istc)n is immatcs'ial, jirovidcxl it is not on one 
of th(! d(xid centres. Th(‘ (‘iigine may be most r(*adil\’ sea in motion whe n tlic* jiiston 
is at its mid stroke with the crank a little* past the* vertical |)ositi )n. 'To siart the* 
engiiK! the stcxim should be turned on g(*ntly at the boiler, anel th(*n admittc‘d to the- 
engine very gradually by opening the: r(‘gulatc.)r, sej as not to cause sudden aiul violc‘nt 
shocks. Stcaim mixed with a consick-rable pro[)ortion ol water will escajx* at lirst Irom 
the drain cocks, wdiich should all be* left open until the engine is well under way and 
c^nly dry steam esc:a|)es. They should then l)e closed Alter the* c*ngine has run lor 
some time at a slow sp(‘ed, the steam stipply^ may bc.^ gradually in('n‘ased, until the* 
recjuired sj)eed is attained. By ])roce(*ding cautiously in this way the* c*ngine is not 
sul.)jectecl to sudden shcacks, which otherwise would oc'cur il it wc*re compelled to ovc*r 
come more suddc‘nly the resistance caf the load. Apart Irom the danger to the* engine 
itself there is the possil^ility’^ ol Iracturing the pij)ing, if the hot steam is aclmitled sudden!)' 
insteacl of gradually. d'he sudden change of t(*m|)eraturc‘ may ciuite rc*,iclily result in 
fracture, (‘.sj)ecially if the |)iping is not cjuite free to expand. 

Boiler explosions have also sometimes resulted Irom the* sudclc*n opening ol the 
valve. The sudden rush of steam may cause a rapid lall of |)ressure, and c*onse([u<*ntl\ 
set up violent ebullition in the boiler and surging of the water. 11 any part has b\ 
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;ic( ifl(Mit hccoiiH* overheated, the suri>ino may result in a sudden evolution of steam and 
rupture of tin; overheated plaU;s. Steam should therefore only be admitted very gradually 
to the engine, in order not only to warm the cylimler anti expel the condensed water 
but also to avoid accidents to the engine and to the boiler. 

Starting Expansive-working Engines.— The precaution already mentioned 
as necesSf'iry whc-u starting' non-fx\pansive engine's should also be obseived when starting 
engines that work expansively; but it is not possible in the same way to warm the 
cylindi'rs throughout their length, as the piston must be, when starting, near the end 
if a full admission of steam is to In; obtaiiKxl. A small supply of steam should therefore 
be first admitted to expi-l the condensed vapour through the drain cocks, and the fly- 
wheel iiulk.'d round several times liy hand. In this way the water may be all expelled 
and iIk- cylinder heated up. When the escaping steam appears dry, the cocks should 
be closed and the ste.im sup[)ly gradually Increased, until the engine runs at the 
re(|ulr(sl speed. 

Starting Condensing Engines. Since condensing engines vary greatly in form, 
according as they are of a horizontal or a vertical type;, or arranged to work expansively 
or non expansively, no particular rules ap[)licable to all cases can be laid down for the 
starling of such engines. In ordinary cases the condenser injection cock should be 
partially opened at the moment when the engine starts under the action of the .steam, 
and as a greater (|uantity of ste;im is admitted to the cylinder the cock should be 
proportionately opemal. If the engine works under normal condition.s, and the condenser 
is in good order, the ;iir pump will be able to remove the hot condensed .steam, the 
condenser will not become excessively heated, and a sufficient vacuum, as indicated 
liy the vacuum gauge, will be obtained. Hy admitting at first only a small quantity 
of steam the condenser is better able to raise the vacuum necessary for normal working 
of the engine. If, howevia-, the cor.densiT is defective, or if it is neces.sary to supply 
a Iarg(' c|uantity of steam to the cylinder in cirder to start the engine under a heavy 
load, it may hapjien that the condenser cannot immediately act effectively, unless the 
vacuum is produceil by some artificial means. I'he sinqilest way of doing this is to 
warm the coiulenser before starling the engine, by supplying it with .steam through 
a cock provided for this purpose. The air in the condenser heats and expands, and 
by lifting the air-pump valves escapes to the atmosjihere, so that if the condenser is 
then cooled by spraying cold water over the outside of the casing the vapour is conden.sed 
aiul a vacuum sufficient for the starting of the engine is obtained. If a special steam- 
supply [)ipe is not filled to the condenser, the .same effect may be obtained by allowing 
the exh.'iust steam from the cylinder -to heat the condenser. Then on momentarily 
Slopping the engine, and liy condensing the steam as before, a vacuum may be produced, 
proviiled there an* no ilefects in the condenser or pump. 

Attention during Running. -- 1 he engine attendant should- carefully supervise the 
piston valves and glands to delect any le.akage as soon as it may occur. Apart from 
the loss of steam, ainl consequent waste of fuel, the tendency is for the leak to increa.se 
on account of the corrosive iiction of the steam upon the metal. Corrosion proceeds 
very rapiilly under these circumstanc(.‘s, often to such an extent as to necessitate the 
complete replacement of the parts. Prudence of the most elementary kind demands 
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the stoppage of any leakage as soon as possible after it is noticoil. Unless this is clone 
the condition of the engine will rapidly deteriorate, frequent and extensive repairs will 
become necessary, and the attendant will not be able to olitain the best results from his 
engine. When the engine is new, the good condition of the piston and the valv(;s should 
be daily verified; and if the attendant is starting the engine for the first time, he should 
first by a thorough inspection make himself familiar with the details of the mca:hanisin 
he has to attend. Thereafter, when thoroughly fitmiliar with the engine, his inspections 
of all the parts should be made at intervals not exceeding two months. 'I'lie |)iston 
packing and the glands will rec|uire more frequent overhauling than any other p;irt of 
the engine. To ketq) the f)iston steam-tight two methods are most frequently enn>loy('d. 
The sides of the piston may be formed in .segments, which are pressed outwards against 
the cylinder walls by means of internal springs of very varied dc^sign. In the second 
method the steam -tightness depends upon piston rings littc^d into grooves around the 
piston. These rings are made of steel or sometimes cast iron turned to a diameler 
about one-tenth larger than the internal diameter of the cylinder. A small [jiecc; is 
then cut from the ring, so that it may be sprung oven- the piston into the groove on its 
face. When the piston is replaced in the cylindcT the ring pre^sses outwards with a gentle 
uniform pressure against the cylinder walls, without the aid of sejxirate internal springs, 
and thus [)revents the leakage: of steam without introducing undue friction. If ste.im 
is found to pass to a serious extent, the cylinder cover should be; removed at the first 
opportunity in order to readjust the packing of the piston. In the former case, when the 
packing consists of segments pressed outwards by a number of springs, the junk ring 
which holds these [)arts together must first be removed, so as to expose the .adjusting 
screws by means of which the segments may be made to [)rc;ss more tightly ag.iinst 
the cylinder walls. In doing .so care must be taken to screw them up ecpially, so that 
the alignment of the piston may not be affected. I'he engine crank should then be 
blocked tip to prevent it from moving, and steam admitted on the enclosed side 
of the [fiston. If steam still passes, the springs at these pl.ices should be screwed 
up until by repeated trials the springs are equally adjusted and there is no leak.ige. 
When adjusting screws are not provided the springs must be .set individually by hantl. 
In replacing the junk ring great care must be taken to secure all the nuts, as any [)art 
which may come adrift while running, especially at high speeds, is certain to prove 
disastrous. After replacing the cylinder cover the engine should first be turned through 
one complete revolution, to ensure everything being clear intern.dly, and that the. friction 
of the springs is not exce.ssive. It does occasionally ha{)[)en that tools are l)y accident 
left in the cylinder or lost in the ports. If the engine turns freely steam may then be 
turned on to tc.st the tightness of the piston. 

When the packing consists of split piston rings without springs, the |)iston .should 
be withdrawn from the cylinder and the rings removed. By gently hammering tlu: 
rings on the inside they may be expanded the required amount, so that when replaced 
they will again press against the cylinder walls. Care should be taken when hammering 
the rings to place the part on a block of wood or soft metal, to prevent the working 
surface from becoming indented. If the leak is not corrected at the first attempt the 
operation must be repeated until, little by little, the leakage is stopped. Care must be 
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taken tliat the sprino's do not pn‘ss to(^ lit^htly, othcM-vvisc the friction between the 
piston an<l < yliiider will involve a considerable loss in power, and the wear of both 
\m 11 be serious. Absoluti! steam ti-litness should not be sought for if ihr. sprino pres- 
sure iie(essarv is excessive. d1i(* j)iston should move sweetly in its cylinder without 
any very appreciable resistance. Under th(--;e circuinstancc‘s the piston when at rest 
but under pressure ])asses a finer film of steam, but this ceases as soon as the engine 
comme nces to work. 

Packing, d'his nanur is oiveai to tlie substances used for fillino' the glands or 
sturiin '4 boxes in which the moving [)arts of the engintr work. Thtr packing should 
ha\'e a certain |)lasti( ity, so tliat it may adapt itself as closely as possible around the 
rods workim^ in the* glands. Soft hemp is a vtrry suitabki matcrrial. Indiarubber, on 
the other hand, is not satisfactory. It becomes hard in contact with th(‘ steam, and 
the lubric ating oil make s it rapidly deteriorate. To repack a stuffing box the. old [lacking 
should be complc*tc*ly removed and thcr space thoroughly cleaned out. d'h(r hcm[), twisted 
into a rope* and wcril gnxised with tallow, should be wrap[)(‘d rcaund and roirid the rod 
and packc'cl into the* box until it is full. 'I'he cover gland shoukl then lie nrplaced 
and serc‘W(‘(l u|) until about oiv-fitth of its length is forced into the box. Suram may 
them bc‘ turnc'd on, and if any esca[)(‘s the gland shoukl be screwtrd uji until the leakage 
is stopped. As in the* case of the piston, the exact pressure recjuired on the [lacking 
is bc‘si indicates! by the amotiiU of the krakage whern the steam is itirned on. Any 
haphazard lightening of the gland is liad and contrary to common sense, b(‘causc the 
minimum pressure is desirabk! in order to rcxluce th(! friction on th(i rod. It is inconsistent 
to c'arefully gremsc* the pac'king, to make' it sup|)le and frictionk'ss, and th(?n to com[)ress 
it hard without rcsisoii. Au exc(‘lkml packing is formed of fine soft copper wire pleated 
and wovcm into rojic's of S(|uar(! sections of various dimcmsioiis. d'hc tightness of a 
joint or gland jiackcsl in this way (k‘pends u[)on the expansion of the c()[)[)er when 
hcMtc'd, so that it is not necc^ssary to .screw u[) ihc gland tightly, and thus the wearing 
ot hoth thc^ I lac king and ih<‘ rod is recluced. Pac king ot this kind is very suital ilc 
for us(‘ with high-[)rc‘ssurt' stc-am, and lasts for sc‘V(.-ral years, as the iniuimerable 
space's iormecl hy the* crossing of the* wire fibres readily rc'Laiii the lubricating oil. 

I hcTc- arc* main’ othca* forms ot metallic: pac kings, clesigned more particularly for use 
with high tc'mpc'rature stc*am. In gc'iuaal they c'onsist ot s[ilit rings of soft antifriction 
mc'lal [irc'ssed gcaitly and uniformly around the working rod hy other hard-metal spring 
rings. 

I'.very care: .sliould In* lakcai m packing the glands of an engine. Unim[)ortant 
as ihc'y may a\)pc'ar, they arc^ ncwa‘rlh(*k‘ss very essential parts, and, if not properly 
■.vc\y\sVc c\, may \c';\c.\ Vo ven-y sc^vere. accAdents. \( the piston gland \s screwed vvp loo 
wghlly v\\c' piston rod may lie \v<vciv\red, or the cnygine may be suddenly brought to a 
stop, causing almost inevitably the breakage of some part of. the machinery or of the 
slvaiiing. U is most imjiortant, thc-retorc', that the attendant should examine frccpiently 
ihc' ]).\c‘kings, and renew thcan regularly withciut wailing until they become bard and 
biinu'd. ( )ld p.u'kinij shouM not in any c'asc: be used. 'Dtc old material should all 
be* removed, ne w slutt insc*ried, and the gland screwed u[) as required until the escape 
ot steam just caxiscs. 
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Lubrication. - All the movinir parts ol an civ^ine re(]iiir(* to 1h‘ (‘lieriivrly 
luhricnted to reduce the Iriction, and thus to [)r(‘\a‘nt the parts ironi heioinin^ o\a‘r- 
h(*ated and ultimately seizing. 'The lubricant may Ih! c'ither solid or iluid. Solid oils, 
such as hard ^hn'isc* or tallow, are ^enm'ally us{‘d for th(‘ hottest parts of the i n^iiu*, tin* 
cylinder and slid(i-valv(‘ boxes, and oil for the colder exUu'nal parts. A volume would 



be required to d(\scribe in dc'tail the inruimcM'able d(?sin*ns of luliricators that are in 
common use. A few distinctive types arc shown in the illustrations. (>3 consists 

of a t^lass oil vessel with a central tulxj rising' abov(! th(! level of the oil and passing' 
down through th(i cover of the bearinq* to the rotatinq shaft. A few threads of wick 
are held loqethtM* by a piecfi of twisted wire suspendt'd in the tub(\ with the upp(T 
end hanqinq ov(‘r into the oil. In this way a small and con- 
stant flow of oil is snp[)lie(l to the bearinq by the capillarity 
of the wick. When {he enqiiK! is not runninq, tlu* wick 
can l)e raised out of the tube and the flow of oil stopped. 

By the use of qlass for the oil vessel the danqca' of the 
cup beinq allowed to run dry is obviaUxl. A som(‘what 
similar arranqement is shown in fiq. o,|, whea'e the larqe 
tube and wick are replaced by a small-diameter tube con- 
taininq a needle, the lower end of which bears on the movinq 
part to b(i lubricated. The vibration of the needle induc(*s 
a steady flow of oil down the small space betw(‘en it and 
the tube. In fiq. 95 thc^ supply is controll(*d as desin^d by 
means of th(! handle at the top, which opens or closes the 
exit. Where oil recpiirc^s to b('. admitted to a chamber under 
pressure, such as the cyVmd('r, the type shown in liq. 96 is 
often employed. It may be also used when it is desired to sup])ly a delmite ([uantiiy 
of oil at intervals. When the lower tap is closed and lh(‘ up])er opene(l, iIk* vess(‘l 
may be filled, and then, on closinq the upper la[) and openinq lhc‘ knver, tlu; con 
tents will flow into the cylinder by qravity. 

Sometimes it is necessary to force the oil into the hcarin-s nn.l. r ronsi.I.-r- 

able pressure. A type of pump commonly used is shown in fi”. 'jj- It (.on.asis 
vvi- 1 “ 
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sini[)ly r)f a cylinder containin.u^ oil, which is forced out to the bearings by the steady 
downward niovcnient of the piston or plunger. The piston is advanced a definite 

small amount by means of a worm and wheel and a 
ratchet arm moved up and down by the engine. At the 
top a handle is also fitted to the plunger, so that an 
extra supply of oil may be forced out by hand when de- 
sired. When solid oil is used as a lubricant a form of 
cup shown in fig. 9S is often employed. ddie solid oil 
is plac(td in the cup, and forced out through the supply 
|)i|)C by screwing down the cover as required. 

For the supply of oil to the cylinders automatic sight- 
feed lubricators are commonly adopted. Their action 
depends upon the condensation of a small (juaniity of 
sUam which collects in the reservoir and forces out the 
oil droj) by drop. 

It is not always convenient or possible, owing to the 
complication of some engitu^s, to fit separate lubricators to 
each moving part. In such cases it is (easier to arrange one 
oil reservoir with separate pipes running to each bearing 
and joint (fig. 99). Fn.'quently the reservoir is hermetically 
closed and fitted with an oil-gaug(! glass or other means of 
observing the level of the contemts. In this way the flow is 
1 .1, wz -MtOiiM...,! Piston Luiinratoi rendered more constant, liy the use of this system of oil 

reservoir a considerable economy is effected. One man may 
easily atU*nd to the lubrication of two or more large engines, while otherwise, when hand 
greasing is ado[)ted, a man is reciuired for each engine of any considerable size. The 
waste oil, too, may b(? more nsidily col- 
le('t<‘d and filtered for use again, thus 
r(alucing the oil costs, which an! always 


9 ». ^Siauft.T I..iiliricator futed to FUMiing Cup Fig. 99.~Oj1 Distributor with Sight Feeds 

t'onsitleral^l(\ When open tank reservoirs are used care must be taken to exclude water* 
\\hi(h, in ((*itaiu situatit^ns, very readily finds its way int(» them, lo outward appearance 
tlu; box in;iy be lull of oil, in reality there is only a thin layer on the surface of 

water. The finger should be dipped into the reservoir to test the quality of the contents. 
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The system of forced lubrication introduced by Messrs. Beiliss & Morcom is 
now very generally used in high-spe(.'d engines. The oil is forced by a s[)ccial valve- 
lc?ss pump through all the bearings and moving parts at a consicl(»ral)le pressure', varying 
from 5 to 25 lb. Splash lubrication is also freciuently used for high-s[x*ed engine work. 
The moving parts are completely enclosed, with the base of the engine arrang(‘d as 
a tank containing oil up to the level of the main shaft. As th(^ cranks revolve, the 
oil is splashed over all the parts, thus thoroughly drenching them. In addition, 
small pipes are led from the crank heads to the upper (aids of the connecting rods, 
or small channels are formed in the rod itself, so that each time the hetad plunges into 
the oil tank a supjdy is forced u[)wards to the up|)er joints. 

Regarding the oiling of the cylinder, it must be noted that, although in cxa'tain 
cases this must be done regularly and thoroughly, in other cases it is not luac'ssary, 
and may even be objectionable, as when the steam is wet. When the steam used is 
very dry, or superheated, or when the piston is fitted with bronze rings, lulaicalion is 
necessary. The need of oil may be readily detected by tlu' grinding sound made! l)y 
the piston as it moves. An increase of speed when oil is admitted to the c\’linder 
is also a sign that lubrication is necessary there. The qtiaiuity to be used is a matter 
to be determined by experience. It should always be the smallest |)ossil)]e amount. 
As far as possible the use of grease as a cylinder lubricant should be avoidc'tl. Very 
often it is of inferior quality, and, (^-specially .so when it tends to form, with tlie 

dirt carried over by the steam into the cylinder, a paste, which gathers about the 

piston, corrodes the metal, and prevents the piston rings and springs from acting 
properly. 

Belt Transmission. — Belts are most generally employed for transmitting thc! 
driving power of th(j engine to the shafting or directly to the machiiu! to Ix! worked. 

They generally consist of long continuous bands of leather [)ieced together and 
jointed at their ends, cither by thongs of raw hide, or rivets, or wire stitching. 
'Fo obtain the best results, the width of the belt should be about nine! tenths th(.' 

breadth of the pulley, and the section should be sulficiently gr(‘at to pnwent thf! 

tension per inch of width, wdth a thickness of -[ in., from exceeding 50 lb. 1 wtmty- 
five pounds tension ensures a long life. A greatc?r tension up to as high as 90 lb. may 
be ap})lied, but the life of the belt will be therel)y decreased. 1 he surface* ol the 
pulley plays an im|)ortant part in the running of the belt. To emsure th(^ l)elt running 
centrally upon it the pulley face is turned convex. I his convexity should never 
exceed hi., whatever the breadth of the pulley. I hc. surface should be continuous, 
especially at the crown of the facc^. An almost invisible ridge thca'c has been known 
to make the belt run off the pulley. Broad belts slij) more than narrow belts. 1 his 
is due largely to the presence between the belt and the [)ull(-*y of a layer of air, which 
in narrow belts is more readily expelled. When the thickness of a belt is considerable, 
the fibres are repeatedly and seriously straiiKxl as th(! belt pass(‘s naind iIk.* pulleys. 
This is due to the difference in the lengths of the [)aths of the inner and outer belt- 
surface.s. 

A similar straining effect takes place between the edge of a flat l)(*lt and th(! middle. 
This is due to the convexity of the pulley faces. Flexible link b(*lts, shaped to the ptilley. 
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overcome; this difficulty, ;ind transmit 25 per cent more power when run at high speeds. 
Laminated belts may also be shaped to the pulley. Belts of this character, formed of 
layers of material stitched together, should not be run on pulleys of less than 3 ft. dia- 
meter, in order tt) avoid rapid w(;ar. Leather belts should not be run on their llcsh sides, 
l o secure (juiet running, the joint of the belt must be lle.xible and not too thick. 1 here 
are many kinds of belt joints, but the cornmoiuist method is to overlap the ends, after 
paring thcan down, and then to stitch them together with thongs. I'or very large belts 
coiiper riv(;ts or screws and flat clamps are necessary to carry the; drive. Light c]uick- 
running belts are best jointed with interlaced-wire hinges, which do not reijuire the ends 
(jf the belt to be overla]j|jed at all. 

A new dry belt may slip and lose a considerable proportion of the driving 
power. 'I'o make the belt grip, a little powdered resin mixed with animal oil may 
be rubbed on the surface. If the loss is due to slackne.s.s, a piece must be cut out 
an<l the ends rejoined, but care must be taken that the tension is not excessive. Too 
tight a belt puts a s(;v(;r(; strain upon the journals and the shafting. .Sometimes a 
jockey pulkiy is litt(;d .so as to pn'.ss upon the slack side of the belt, thus obviating 
the necessity for frecjuent rejointing of the belt. A considerable loss of power often 
results from the Ixilt being too tightly stretched. In many factories there is a 
tendency to exagg(;rate the necessary si/e and tension of the belts for a given jiower, 
with the intention of reducing slipping and of preventing excessive sagging when the 
length of the drive passes certain limits. I'o obviate this loss of pow'cr it is advisable 
to carefully proportion the size and tension of the belt to suit the actual maximum 
power to be transmitted. 

Belts made entirely of letuher generally give .stitisfaction in projtortion to their 
higlier price. Other materials are, however, well suited to particular kinds of drives. 

Vulcanized rublier or gutta percha with interwoven canvas is often used, but belts 
of this kind do not run well in damp situations. They should not be run crossed, as the 
edges rapidly frtiy when rubbing past one another. Balata belts of ch.'imois hair and of 
cotton are very generally used, and especially where there is much moisture. Fibrous 
belts seem to tibsorb the moisture tind become tighter, while rubber belts, on the other 
hand, sli[) when water is present. A large rubber belt which is too heavy to remove 
by hiuul may be readily shifted by throwing a jet of water on its contact side. To 
reverse the action, if sawdust is thrown on the surface the water will be absorbed and 
the belt made to again grip the pulleys. 

Belt dressings are frequently employed to keep, the surfaces in good condition and 
lirevent them from breaking up. The 1 iest and simplest dressing is common lard or 
a pasty mixture of animal fat in fish oil. A mixture of graphite, soap, and treacle is also 
satisfactory. On no account shoukl mineral oil be used, particularly with leather belts, 
the fibres of which Ixx'ome very brittk' when so treated. Castor' oil is also bad. Its 
penetrating powers are too .smere, and the leather fibres rot away. Fish oils and 
animal fats should alone be used. 

Erection. As .so ninth cFixmd.s upon the careful erection of an cmgine the work 
should only be entrusted to a skilful mechanic, preferably one who has been engaged 
in the manufacture c'f the particular kind of engine. Engine builders of any standing 
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erect all their engines on their own test platen at the works, and test them on full and 
low loads. This ensures that the engine will work without any fitting of parts 
when erected finally by the purchaser, provided the parts are propia'ly aligiaal and 
adjusted by a competent man. 

Steam Joints. To [irevent the steam from escaping at the joints of the engine, 
some soft jointing material must be used between the surfaces when assi‘ml)ling the 
parts. Generally hemp coated with red lead is emi)loye(l, but often other materials 
arc used. A good metallic joint is formed by using soft copper wire*, especially where 
the temperature is sufficiently high to cause the copiier to expand. Rust joints ari! 
formed by mixing iron filings with some oxidizing material, such as sal ammoniac. 
When mixed to a paste it may be sprixid over the [larts or forced into the joint, where 
it hardens to a very durable cement. ^Sheets of cotton or asbestos with rubbea* an' also 
used. Whatever the material used care should be taken to screw up the holding bolts 
ecjually, otherwise the flange may bn^ak when the hot steam is admitted, if not while 
screwing up. 

Adjustment of the Valve. To emsure good working of thc^ engiiu!, the. stcMin- 
admission valve requires to be carefully set relatively to the position of the piston and 
the steam ports. Any faulty seating will give trouble and affect the efficiency to a 
serious extent. When the admission and exhaust valves are s(q)arately controlled, as 
in the Corliss gear, their relative adjustment can readily be effectetl. In the case, 
however, of the common D slide valve, controlling both admission and exhaust 
simultaneously, there is not so much latitude. 

Defects due to Errors in Erection. -Any defectives alignment of the main 
parts of the engine will result in excessive h(^ating and knocking of the moving parts. 
The errors most likely to occur, unless carefully attended to, are enumerated below. 

The shaft m^iy not be level. 

'fhe shaft may not lie along the axis of the engine. 

The hole in the piston cross head which takes the conn(‘cting-rod pin may not 
be bored square with the piston-rod hole. 

'fhe shaft may be displaced sideways in the direction of its length. 

The piston rod may not be guided exactly in the axis of th(! cylinder. 

The crank pin may not be parallel to the axis of the shaft. 

Before accepting an engine from the (a-ector it should be examiru^d for th(‘se d(*fects, 
and from time to time tests should be made with special apj)liances, to detect any want 
of alignment that may have developed. Any such delects should be noted and remedied 
at the first more-prolonged stoppage. 

Care of the Bearings. — More constant attention is required to keep the bearings 
in good working order than is necessary in the case of any of the other engine [)arts, 
as they are subjected to continual shock and have to carry the whole load on the 
engine. Generally the material used for the bushes is bronze or hard brass, with 
an inner soft lining of white metal or other antifriction metal. In the case of high 
speed engines the use of soft metal is inadmissible. Brass is not so durable as 
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gun metal, liut it holds the oil well and is considerably cheaper. The cover of the 
bearing can l)e screwed down to suit the load and the speed. It is fitted with a lubri- 
cator, which supplies the oil to grooves cut in the faces of the bronze bushes. Bushes 
of almond wood arc cheaper and hold the oil well, but they corrode the metal shafts 
to a slight extent. For this reason they should only be used for rotating shafts. If 
the shaft merely oscillates, the corrosion tends to make it become oval. Service-tree 
wood is equally good. Materials harder than the shaft itself may also be used, such, 
for example, as steel, case hardened or tempered. Two different metals always run 
better together than two metals of the same kind. Further, the softer material should 
be used for the part that can be the more readily replaced, generally the bushes of the 
bearing. Si)are bushes should be kept with the halves soldered together until required, 
'i'heir external dimension should be left about in. large, so that they may be fitted 
to the p(;dcstal portion of the bearing, which may be somewhat worn. And for the 
same reason they should be bored out sufficiently small to allow of fitting to the worn 
journal of the shaft. Before fitting the bush it should be turned or planed true with the 
bore. A well-adjusted bush should fit the pedestal or plummer block without any play 
anil yet without being in any way strained, and the oil channels should be amply large 
for the oil supply, otherwise the bearings will heat and give continual trouble. If the 
journal has become heated, and has seized to a slight extent, the roughened surfaces 
should be smoothed down with emery. The brasses also should be retouched with 
the file or scraper to remove the irregularities. Before replacing the bu.sh both the 
l)ras.ses and the journal should be most carefully cleaned, to remove all grit and emery, 
and the surfaces coated with oil, which may be applied either by the thumb or with 
a pit;ce of clean rag. After the cap of the bearing has been replaced the oil cups should 
be refilled. Only by taking every precaution to keep grit out of the journal, and by. 
ensuring a steady supply of the lubricant, can trouble be obviated. If the journal has 
seized badly, and the surfaces are much torn, the damage should at once be repaired. 
When po.ssible the journal should be returned in the lathe, as little satisfaction can be 
expected from any dressing with the file. The supply of oil should always be abundant 
without being excessive. Above all, the quality should be the best obtainable. Cheap oils 
are in the end more expensive than the dearer qualities, when the quantity used and 
the wear of the bearings, and the extra friction are considered. Contrary, perhaps, to 
expectation, a new bearing requires much more constant attention than an old one. 
Until the surfaces wear themselves to a true fit, and the roughnesses become smoothed 
down, the bearing will tend to heat up unless well oiled and attended to. 

Speed Regulation. — Some method of automatically controlling the speed of 
the engine is essential, especially when the load is of a fluctuating character, and, 
even when the load is steady, variations of the steam pressure make a governor 
necessary. 

h'lywheels are fitted to allow the engine to overcome a sudden increase of the 
external resistance, as in the case of rolling mills, where the engine for a period runs 
idle at an increasing speed, storing energy in the flywheel to overcome the sudden 
load when the hot iron is drawn into the rolls. This is an extreme case which demands 
very special treatment. Most slow-running engines require flywheels to steady their 
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running, either by reason of variations in the effort of the engine or of the work to 
be done by it When the speed of the engine is high a correspondingly lighter wheel 
is required. In the case of large engines for driving electrical generators, the flywheel 
action of the rotor is made use of. The size and weight and speed of the flywheel 
can only be determined by careful consideration of the nature of the load. Generally 
the diameter of the wheel is made about four to five times the length of the stroke. 
There is a limit to the diameter and the peripheral speed beyond which it is not 
safe to go. One hundred feet per second is sometimes adopted when the rim is in 
one continuous piece, but when the rim is made in two or more pieces, bolted together, 
the speed should not exceed 50 ft. per second. 

Flywheels should not be made much too heavy for the work, in order to reduce 
as far as possible the friction losses. On the other hand, an ample factor of safety 
must be allowed. Small defects in the balance of the rim, especially sideways, 
throw heavy stresses on the spokes, and if a main journal 


should partially seize, or other stoppage occur, the stresses 
would become enormous. This has frequently been the 


cause of the bursting of flywheels, through the attendant 
attempting to cool a hot bearing with cold water. Hy 

cooling the bearing instead of the 



lug. TOO.— Common 'riirottle 
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journal, the bearing may contract 
and seize upon the shaft, which has 
probably not contracted to the same 
extent. 

(iovernors are fitted to regulate 
the speed by controlling the supply 



Fig. lor.— Watt s Centrifugal 
(jovernor 


of steam. The steam control may 


be effected in two ways, either by partially cutting off or throttling the steam supply, 
or by altering the point of cut-off at the distribution valve. The former method 


involves a slight loss of efficiency, but for small engines its simplicity makes its 
adoption very general. In high-speed engines, even of large power, throttle valve 
governing is also much favoured, owing to the simplicity of the gear and the few 
moving parts required. Instead of the old type of butterfly throttle valve, fig. 100, 
piston valves or double-beat Cornish valves are used in all but the cheapest engines. 

James Watt devised the centrifugal governor, shown in fig. loi. It consists of 
two heavy balls suspended by links from a central spindle, the whole being rotated 
by the engine. At a certain speed the centrifugal force moves the balls outwards 
and also upwards, as the balls arc suspended by the links. The resistance to the 
upward motion is the component of the force of gravity, and until the centrifugal 
force is sufficient to overcome this and the friction of the joints, the balls will not rise. 


The governor should be adjusted so that it does not rise until the normal speed has 
been somewhat exceeded, otherwise the throttle will be moved and the full jjower of 
the engine will not be obtainable. As the speed fluctuates past the normal, the balls 
rise or fall correspondingly, raising or lowering the collar which engages with the 
valve lever end. 
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In practice it may be found that, owing to a wrong length of. the pendulum krtns, 
or of the separation of the. balls, the governor acts too late or too CSfly* Say, for 
example, the normal speed is 40 revolutions per minute, and the balls rise at 42. 
In such a case the arms are too short, and must be lengthen^. Similarly, if the 
revolutions are 38 instead of 40, the arms must be shortened. Increased sensitiveness 
is obtained by crossing the pendulum arms, as shown in fig. 102. The paths of the.,, 
balls are thus inclined to one another, giving an effect similar to that obtained when 
the balls are made to move in parabolic guides. Sensitiveness may also be obtained 
by increasing the effective weight of the balls without increasing their mass. The 
Porter governor, fig. 103, is of this type. The weight on the centre spindle is equivalent 
to increased weight in the balls, and does not affect the centrifugal forces. Instead 

of the centre weight, springs 



Fig. 101.— Croned-Arm Centrifugal 
Governor 


may be used, allowing of easier 
adjustment of the governor set- 
ting. 

Hunting of the governor 
takes place when the sensitive 
ness is too great for the engine, 
that is, the engine does not 
respond sufficiently quickly. In 
compound engines although the 
steam may be cut off at the 
high-pressure valve, there is 
still the steam of the cylinder 
and receiver to drive the low- 



Fig. 103.— Porter Governor 


pressure engine. Hunting may 

be remedied by making the governor more sluggish, either by increasing the friction 
or by fitting a dash pot 

In many types of engine the governor balls are fitted inside a small heavy 
flywheel on the main shaft This arrangement is very suitable for varying the valve 
eccentric, and in this way controlling the point of cut-off at the cylinder. 

The point of cut-off is varied in trip gears by the governor, which alters the 
position of the knife edge, causing them to release the valve rods earlier or later as 
the speed varies. 

To Stop the Engine. — The boiler stop valve should first be closed, and then 
the condenser injection cock, if the engfine is condensing. The cylinder blow-tiff cocks 
should be next opened, and lastly, the engine steam valve should be shut. It is 
neces.sary to close the boiler valve first, in order to prevent steam from being trapped 
and condensing in the piping. In winter time such water might freeze and lead to 
fracture of the steam mains. When stopping the engine it is safer to close the main 
steam valve as well as the engine valve. Two precautions are better than one, and 
there is the further assurance that an unauthorized person*^ cannot, by opening the 
regulator, start the engine at an inopportune moment Immediately the engine stops, 
the condenser injection cock should be closed, otherwise, in consequence of the vacuum 
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ill th(. Ciisin^ cind th(* disc thci would contiiUK* to ho drawn in until 

it tilled tliL intcrioi and o\i*illov\c*c.l into the* eylindors, w'horc its j)r(*s(MiC(* inii^iit ('aust* 
serious dama-o when the cn-iiK! was restarted. The atKaidant should ihrvvi'nvv on no 
account forj^et to ('los(‘ the injection cock. 

All cond(‘ns(*d water should l)e completely drainc'd Ironi th(! piping', cylinders, and 
jackets, particularly in winter time. When re[)airs are to he carri(‘d out, the jiarts 
should he dismounted hetore. the engine cools down, oth(‘rwis(' it will h{‘ found V(‘rv 
difficult to loosen the nuts without dama^in;^- th(‘m. Cleaning the parts can also h(‘ 
more! readily done when warm, as the heat loositns th(; dirt and oil. If th(‘ eii^iiK* 
is to remain unused for a considerable time, it is advisable to withdraw ih(‘ jiiston and 
open out th(i valv(i chest, in order to thoroughly orease all the |)oIished internal workiiv^ 
parts to prevent oxidation, d'he external polished fittings should also he wvW ipa‘as(‘d 
to proUict them. 

ROTARY ENGINES 

Much time and (‘iier^y have hc(‘n devoted to ih(' dev(‘lopment of entjiiu's capahk* 
of lurnini^- a drivint^’ shaft without th(‘ us(‘ of the intermediaK! parts essential to the 
conversion from reciprocating* to cir- 
cular motion, hut an (examination of 
ihii [)atent records shows that much 
of the laliour has been wastcefully ex- 
pcended in reinventint;* lyi)es that have 
been r(.*peatedly tried without success. 

With ihc advent of el(‘ctric liuht- 
intj', the. nec(*ssity for s(.)me typ(! of 
rotary eiv^ine to directly drivci the 
dynamo without the use cd' a l)elt 
causeel eiv^inec'i's to devote much time* 
to the prol)lem, l)Ul althoui^h many 
d<‘si^ns wercf produced, the rcisults were, almost without ex('(*ption, disastrous. The 
development of hii^h-spc'ced reciprocating* engines, and, later, of steam turbines, which 
satisfactorily mc^et the necessities (_)f ihr. electrical ent^ineers, has left to the rotary engine 
an interest that is only historical. 

I'hvamples are shown of two ty|)es most Lfenerally favoured. d'h(* first h(‘lon^s 
to the class of radial rotating' pi-^tons, in combination with movini; [)allets. b'i^. I(t.| 
shows such an (*nj4*ine, as desic;ned by Hrown, a follow(‘r of Hramah. Tlu* small 
radial [)iston sw('(!ps round the cyliiid(M* about a longitudinal axis, under the action 
of th(‘ st(xim upon the one side*. Hinged pallets, which also act as stc/am-distributini.^ 
valves, Ixxir upon the radial piston and prevent the stcsim from escapinij dir(‘Ctly to 
the (‘xhaust. It is largely the difficulty of makine' the contact of such pallets with 
the piston sufficiently steam -ti^hl that has involvctd thr* failure of so many attempts, 
(ieop^e Steph(‘n.son d(‘clar(.‘d that the difficulty of makint;' a line contact |)ermanentlN^ 
st(*am - titfht made the i)roblem of the rotary engine insurmountable. So lar the 
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sccoikI lypr, illustrated in 105, consists of a disc which constantly divides 
a steam chainher into tw(j parts, one in communicatiot) with the* hoika* and th(‘ oth(‘r with 
tlu* (*xhaiist. d'he motion of the disc iind(‘r the pressure of the steam restanbU's that 
of a s|)inninj^ top as it swint^s about its point. 1 lu* |>iv(H in this case is the l)all at the 
(( litre of the disc, while* the outer (*nd of the dis(' spindle, movint;' in a circk*, is coiqiled 
to th(! rim of a whee*! on the shaft, which is thereby caused to rotate. A considerabk* 
number of th(*s(! Hist hopp disc ( urines were manufactured tind put into practical service*. 

'I'here is a third type* e)f rotary eaii^ine*, which has rea|)peare(l in endless designs. 
Such engine's ('onsist of c\lin(lrical cams !L;earin|Lf with one* another, and contained 
in a cylinder. As before-, steam-ti;,^htness has to be obtained t)y nu*ans of pallets ejr 

slidiniL;* diaphragms, which 



I'ii;. los.-Hisdx.pp Rul.iry l'nj;inc ,om. 107. - West 


( l.illv at hic;h s|)e*e(ls. Many rotary engines are wrongly so calk'd, in that the*)* comprise 
reciprocatinc; parts. An example eif this type*, re.-semblintt sliohtly the* Hisch()[)[) disc 
eiij^iiu*, is illustrate'd in \ob and 107. It is the \Vk.‘st engine, which ori^inate^d in 

America. Instead of the* ste‘am acting elirejctly em the elisc, as in the Hiseheipp eniLtinex the- 
drivini^ force is applie*(l around the elisc e(Ic;e by means of |dunc;e‘rs workiiiL;- in cylinders, 
to which ste-am is siijiplied in reitation. A s|)e:eel of iex)0 revolutions pe.*r minute has 
bee-ti satisfactorily obtaine*d in practice, but the^ (‘iittine; is not now' manufacture 1. 

THE STEAM TURBINE 

\\ ithm a remarkably short pe*riod of time* the* whole* asp(‘ct of ste-am eni^‘ine(*rini^ 
has bee*n altere*d by the substitution of rotary for rea'iprocatini^ ih(*ans eif utilizin'^ the* 
(‘ne*!tt\ of steam. Although the ad\'ent eif the (-('onomieal turbines is of retcent date*, 
the* ide-a of e'onvertinj;* the e*ne'roy of the steam directly into rotary me)ti()n is a very 
ancie*nt one*, that has oe'e'upies] the* e'onstant atlentie)n e')f phik)se)phers and emi^ine'e-rs 
fioin the time 1 jo ice. until the* prese*nt day, wlu'u the* pc*rfe*ctieDn of eni^inea'rini^' 
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processes and materials has made its realization practically possible. Hero of Alexan- 
dria invented, in the year 120 n.c. or thereby, a rotary enoine or turbine, which is 
described in his Pncnmatica, and at a much later date, in 1629, another type' of steam 
wheel was invented by an Italian named Branca. These two turbines are of inl(‘ri‘si, 
as b(Mn^^ the first examples which illustrate the principjes underlyino- the' |)re*se'nt modern 
types, although it is probable that the principles cmbodieKl we're not fully re.*ali/e‘d by 
the early inventors. Hero’s turbine, illustrated in 108, consists e)f a hollow nle)be 
carried upon trunnions, e>ne of which sea've's fe)r the admission e)f steam ^eiierate'd in 
the bexly of the support. From the ijlobe project two n(')zzle‘s, so arranged tani^e'ntially 
te) the circle, of rotation that the reaction of the esca[)in!4* steam cause's the^ i^lobe to 
rotate. It is the' principle of reaction intre)duceil in the Hero engine' that makers it 
of so much intc're'st. In the Branca turbine, illustrated in fi^. 109, the e'seapint; steam 

impiiioes u[)on the vane'S of a wheel, which rotate's unde*r 
the action of the impulse'. In the example', which is an 
historie:al e)ne, the wheel is shown de)ini;* use'ful work as 
a oTindinif mill. 

On the introduction of the* r(‘('iprocatin|L> eiii^iMe' the 
development of the* 
steam turbine [)racti- 
cally euiased, owinef to 
the difficulty e)f de-al- 
intj with the ene)rmotis 
spee'els invedve'd. 

Heat eiij^inc'S of 
whatever kind do wsc- 
ful mechanical work ^ 

at the e^xpense of the 
he'at contained in the workin;^' sul^slance, anel at the? end of a stai^e the* te'mpe'rature* 
must be le^ss than at the be'j^dnnine* by an amount ele[)endinc;' upe)n the.' me*chanical 
work pea‘fe)rnu^l. Theoretically any gaseous substance could be' employerd in the heat 
euLfine*, btit in practice, the' choice is limited to substances that are! e'asily . obtainable 
and that can l)e brought to a conve*nient state. .Ste'am, gas, oil-va()ours, and air are 
all efficiently employed under different conditions in engines of the reciprocating type, 
but of these sul)stances so far steam ale^nc has be!en successfully a[)|)lied in the* turbine, 
although the development of the gas turbine in the lU'ar future! is not improbable. 
W'atc!!* turbine's have fe)r many years been employed for the tiselul conversion of the* 
energy of water, but although to somet extent the* principle's unde*rlying both steam 
and Witter turbines are the same, there are essentiiil differences which make a close 
com[)iirison of little value. Steam is iin elastic gits which nniy be! ce)mpre*sse.*d etr 
e'xpanded without limit, while Witter is practiciilly incompressible, .and the density of the 
ste«am is inconsider.tble compiired with that e)f water. In the Wiite*r turbine the e!nergy 
is generiilly in a kinetic form, which depends upon the motion of the mass of water .as 
a whole and not upon the internal Jictions of the molecules, .as in the! case of st<*am 
and other gitses, iind it is in this respect ih.at the two working substitnees so gre.-ittly 
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differ. Kiiu^tlc (!ner^y or cnorj^y of motion can be readily converted with very slight 
loss into mechanical work, and the first operation in a turbine is therefore to convert 
the potential energy of the working substance into a kinetic form, and then to convert 
the kinetic energy into the desired mechanical lorm. Upon the mass and the velocity 
depeiul the amount of the kinetic energy tleveloped, and the velocity is proportional 
to the head, whether due to position or to pressure; thus the kinetic energy E of 
a mass nt, moving with a velocity V, is w and as V" e(|uals twice the head h 
multiplied by the attraction of gravity g, the energy E. - High, that is, the weight 
of the mass multiplieil by the head, d'his ei|uation. It = w V^ is true whatever 
the properties of the substance, l)ut the energy may be due to a small mass moving 
at a high velocity or to a large mass at a lower speed, and for this reason the nature 
of the substance is of considerable importance. Owing to the comparatively great 
density of water the virlocities involved in practice are moderate, whereas in the case 

of steam the small mass retiuires a great velocity, 
which in an impulse turbine, using steam at 280 lb. 
per square inch, and t;.\hausting into a vacuum of 
25 in., may amount to over .}ooo ft. jier second. 

When steam flows through a pipe the condition 
of the steam varies with the form of the pipe, as 
regards the proportions of its pressure and kinetic 
energy, as shown diagrammatically in fig. 1 10, Erom 
A to n the pipe is parallel, and in its flow through 
this portion the pressure and the velocity remain 
unaltered. At it the section increases, and as the 
steam expands its pressure falls and its velocity 
corn.'spoiulingly increases, b(!cause, since the tot.il energy is in no way altered, any 
decrease of the pressure or potential energy must mean a corre.sponding increase of 
the kinetic energy or energy of motion. This is indicated in the lower portion of the 
diagram, which shows the changes in the prt.'ssure and the velocity from section 
to .s(!ction of the [lipe. As the final section K i' is ccjual to the section at a h, the 
condition of the steam at the end, so far as its tcmiierature pressure and velocity 
are concernetl, will be unaltered, provided no work has been done or that no energy 
has been dissipated in the process. If a portion of the kinetic energy generated 
by the expansion through it c be utilized in producing mechanical work, the final 
temperature pressure and velocity will all be reduced in proportion to the amount 
of the energy absorbed in doing tho work. In steam turbines the pressure energy 
of the steam Is converted, by expansion in suitably formed nozzles or passages, into 
kinetic energy, which is then absorbed in rotating the wheels of the turbine. A 
classification of the turbine may be based upon the manner .of converting the heat 
energy into kinetic energy, and of then afisorbing it in doing work, and the various 
well-known types are thus distinguished apart from the differences in their mechanical 
details. In the first class may be grouped those turbines in which practically the 
whole energy of the steam is converted at one oiieration into the kinetic form by 
suitable e.xpansion in a nozzle, so that the moving wheels of the turbine serve only 
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for the absorption of the energy of motion and not lor its production. When the 
ranine between the initial and the final pressures of the steam is o*reat, th(‘ vehxitx* 
generated is very considerable, and to reduce it the ex[)ansion in the second class 
of turbines is effected in several stages. During the first stage a portion only of 
the [iressure energy is converted into the kinetic form and then absorlxHl, and in 
the succeeding stages thci remainder of the energy is converti'd and absorbed, by 
definite amounts in each of the stages. This s(.‘cond system is e(|uivalent to a series 
of two or more turbines of the first class, in each of which th(‘ fall of i)rc‘ssure, and 
therefore the velocity, is of a more moderate amount. To the; third class belong 
those turbines in which the two op(!rations, of expanding th(‘ steam and of absorl)ing 
the kinetic energy thus produced, take place to some extent simultaneously in the 
passages of the moving wheels. d'here are no turbines actually manufacturc‘d, in 
which the whole of the expansion is done in the wheel passages or vanes, which 
transform it into mechanical work; but such a system is theoretically possible*, 
although it has not beem developed. A combination of the two systems has be(‘n 
adopted in the Parsons turbine, in which the steam is c‘xpanded in a great numb(‘r 
of stag(‘s, consisting of alternate fixed expanding vanes and of rotating vanes, in whic h 
kinetic energy is also generated simultaneously with its absoquion. It is customary 
to use th(! term “impulse.*” or “action” in describing such turbin(‘s as those! of class(‘s i 
and 2, in which the kinetic energy is only absorbed by ihc! rotating portions, and to 
use the term “reaction” to denote th(! third system mentioiual abov(\ As tlu! Parsons 
turl)in(! combines both systcMiis, it is commonly refi.*rred to as belonging to th(! “impulse- 
reaction” type. Any such classification is, however, more or less arbitrary, as the 
principles underlying the (!rfects of impulse anti of rt*aclion are the same. b'or the 
j)urpose of description the turbin(‘s in general use will I)e considertal undt*r tin* headings 
enumerated above, namely, imj)uls(', reaction, and mix(*d or imi)uls(‘ reaction, rathc'r than 
in any historical order. 

y\s already indicated, tlu! history of the turbine may b(* trac'cnl l)a('k as far as 
120 a.c'., but the practical introduction may be considert'd as dating from iSS.p when 
the Hon. C. A. Parsons was granted his first pat(‘nt for a turbine ol the ('om[)ound 
impulse reaction ty[)e. hour yt^ars later, in iSS8, Dr. (j. dt! Laval introduced the 
impulse type, which has since been very successfully developed, and Mr. (airtis oi 
America carried the idea still further by patenting, in 1896, the mullic(‘llular i)pe, 
which was practically introduced in 1902. Variations of the above types, introducing 
details of some novelty, have been [)laced on the market by various makers widiin 
recent years, but of these only the Rateau turbine will be described here. 

To the first and .second groups, as classified above, b(?long such turbines as ilat 
de Laval, Rateau, Curtis, and Zoelly, while the Parsons turbine is tlu! most important 
example of the mixed type. As already stated, no turbine ol th(! [^un^ly reaction 
type is manufactured. 

In 1882 Dr. G. dc Laval Introduced a simple turbine rescmibling the ancient 
Hero engine illustrated In fig. 108. It consisted of a' tube bent Into th<! form of th(! 
letter S, with the idea doubtless of reducing the losses due tf) shock at lh(.’ turns, but 
the efficiency of the arrangement was not gre.at, owing to the steam being ejected with 
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considcnible velocity. It was orii^iiially devisc;cl for the dir(!ct drivinf^ of centrifugal 
cream separators, m which a \'cry high speetl is an C’.ssenticd feature. On account of 
its simplicity and compactriess the arrangement is a very suitable one for the purpose 
for which it was designed, and many of these turbine separators are still in operation. 

b'ollowing the application of the simple reaction wh(!el to the driving of separators, 
de Laval paKmted, in iSSy and in succeeding years, his impulse turbine, in conjunction 
with his system of (expanding nozzles for converting the pressure energy of the steam into 

the kinetic form. If steam be 
passed through a nozzle of the 
form shown in fig. iii, the 
volume incrc-ases from the sec- 
tion 1! to the final section c, 
and, as a result, the pressure falls 
I'ly HI- — l.aval J'Apansion No/./.le while the velocity increases, with 

a conseciuent conversion of the 
pn'ssiire eiu-n^y into kinetic en(!rjL»y. By suitably proportionino* the sections, the 
pressure may be reiluced in the nozzle from that of the boiler down to the exhaust 
pressure, in which case ihv. whole available energy of the steam is converted in the 
one expansion, and the [)ressur(‘ throui^hoiit the turbine wheel itself does not alter. 
As the st(‘am leaves the nozzle it is made; to impinges upon the curved vanes on the 
|)erii)hery of th(; turla*n(^ wheel, which rotat(!S undcT the action of the impulsive force 
of th(! high-velocity steam jets. 'Fhis is clearly shown in an ideal form in fig. 112, 

where four nozzles arc shown acting upon 
different sections of the peri[)hery, thus 
increasing the pow(T obtainable from any 
particular size of wheel. Each nozzle, in 
the actual machine is inclined to the wheel 
at an angle of about 20°, and the vanes 
are corres[){)ndingly arranged so that the 
steam may enter them without shock and 
loss of power when they move at the de- 
signed speed. For maximum efficiency 
the speed of the rotating vanes should be 
about one-half that of the velocity of the 
steam as it leaves the nozzle and enters 
the buckets, but in practice a smaller velo- 
city is adopted, as, with high-[)ressure steam 
and a good vacuum, tlie velocity is inconv(Miiently great. If, for example, the initial 
pressure were! 280 lb. per inch stpiare, and the l)ack pressure, due to a vacuum of 
about 28 in., were i lb., the velocity of the steam after expansion in a suitable nozzle 
down to th(! exhaust |)res.sure would be over 4(x:)0 ft. per second, and the corresponding 
spe(‘d of the whe(‘l buckets would reejuire to be about 1800 ft. per second, in order to 
obtain the full mech.imoal value from the machine. Any speed of revolution can be 
provided, while retaining the same peripheral speed, by suitably varying the diameter of 
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the wheels, hut there ;ire constructional objections to an undue increase of ilic diameter, 
and, in the case of certain types of <le Laval machines, the speed of revolution is n-duced 
by means of oear wheels, as illustrated at ii, in lios. 113 and 1 14. When the steam leaves 



Fig. 113. — Sttclittiial hllcvtuion of f)c l.av.il 'I'ui bines 


the nozzle and entcirs the wh(.‘(!l buckets its condition, as already ex|)IaiiK‘d, has undergone 
certain changers. All the oneri^y obtainable from the* (expansion down to the (‘.xhaiist 
})ressure is in a kinetic form, and the; pressure of the steam is that of the condenser, 
or of the atmosphere whem no condenser is used, so that in the* wheel its(*lf there, is 



I'ii;. 114.— I’laii ol l.)it liiiHiric 


no change of pressure. "Fhis condition is determined b\’ lh(.* uniform section of th(! 
pas.saj^es or vanes of the turbine wheel, which absorbs the kiiKaic en(M‘i;y without 
affectintj the pressure. b 115 shows the parallel arran^em(*nt of the vanes (jn the 
periphery of the wheel, and one of the expansion nozzles, with its controlling^ valva*, 
which will be again referred to. An external view of a 2 2 5-b.h.i>. turbine dynamo 
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set is i^iven in 116, hut the s(.‘c:ti()iial clcvjition aiul plan, figs. 113 ^.nd 114. illustrate 
a 20 h.p. type provided with a pulley for belt driving. Referring to the section, a is 
th(! main stop valve, which admits the high-j)rcssure steam through the strainer, c, and 
the controlled throttle valve, o, to the annular steam chamber, k, from whence it pas.se.s 



through the expansion nozzles and the turbine vanes into the exhaust passage, k and N. 
.S(!veral n()z/k‘s are placed around the wheel casing, as shown in fig. 116, and by opening 
or closing oiui or mor(‘ of these the |)ow'(!r may be varied as recpiired, without seriously 
affecting th(‘ efficiency, even w^hen working at only half load. VVhem dealing with vc^ry 
high sjuKids, considc*rabl(; trouble is (!X[)erienced from vibration, unless the rotating 



I’ly. ii(*. — Sic.iin 'I'uibinc-DyiKuno, 325 13 . H.l*. Cajjucily, 150 Kilowatts 


l)arts are very perfectly balanccxl. This difficulty is overcome in the de Laval turbine 
by making the wheel axle sufficiently long and slender to allow the wheel to rotate 
about a true axis through the centre of gravity, which may not lie in the axis of the 
spindle, owing to the practical difficulty of balancing the wheel to the required degree 
of accuracy. lip tf) a certain speed of rotation the vibration increases rapidly, but 
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l}eyon(l this [)()inl, termed the “critical speed”, the wheel suddenly settles down and 
continiK‘s to run without vibration, due to the axle bendin;^ sufficiently to permit the 
wheel to rotatir about its true dynamic centre. It is possible to user a small-diameter 

shaft, as the torques to be trans- 
mitted ivre. small, owine^ to the hi^h 
s[K!ed of rotation. d'wo arrange- 
ments of the wheel and the shaft 
arc shown in ties. 117 and iiS, 
the formca* Ikm’ui^ th(! syst(‘m 
adopted for small-diameter wheels, 
and the latter that for lar^e ones 
in which it is not permissible to 
weaken the centre of the wheel 
by borinj;* It through to take th(‘ 
spindle. As shown in fig. iiS, 
the flanged (‘luls of the shaft are 
bolted into recesses turned in the 
wheel boss, thus preserving the 

ctintinuity and strength of thci w'heel. In the figures are also shown sections ol the vanes 
or buckets, and the method of dovcstailing them into the periphery of tlu‘ whei‘l. An 
essential feature of the de Laval turbine is thc! Ilexible shaft, wliich is clearly shown in 
the sectional view, fig. 113. i' is the wheel, with its bosses recessed to take the Manges 





Kig. 119. -Dc Laval Turbine. 150 H.U.C., couplrd to I’ump. Capacity, J OalloMs per Minnf 


of the shaft I. which is borne in thc bcarin-s ss. placed at a considcral.Ie- distance 
apart to -ivc the required flexibility. I'or a turbin.; of :,cx) h.p. the shaft is made 
about I ,'',, in. in diameter, and J in. in the case <.f a 150-h.p. turl.im-. As the m.rmal 
speed of the wheel is too great for direct driving of ordinary machinery, it is aislomary 
to reduce it by means of douule-helical gearing, which in some cases is duplicated, as 

* 13 
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in 1 16, and in oiIkts sini^K*, as in the detailed illustration, fijrs. T13 and 114. 11 is 
th(^ douhic pinion on the* turbine* spindle, whieli ;4ears with the lari^e toothed wheel J, 
carried, together with the* pulley M, upon the shaft o. It will be notc^d that this scicond 
shaft is of a larger diamet(*r, to withstand the larger torejue which results Iroin the 
slower speed of rotation. In the turbo-dynamo set, fii;*. 116, the generator is duplicated, 
with an armature fixerd upon (.*ach of the two shafts. 'I'his eivt^s a convenient arrant^c?- 
ment, as the; two elynamos may lie worked in series or in parallel or on a three-wirt! 
system. Another combination is ilhistrated in 119, which shows a 150-b.h.p. turbine 
directly cou[)led to a (lr(*enwood & Batley series })um[) having a ca[)acity of 1400 oal. 
per minute und(‘r a ])ressure. head of 24(3 ft. 

A sensitive (entrifii^al i^overnor, mounted horizontally upon the j^ear-wheel shaft, 
s<*r\'es for the automatic regulation of tlu? s|)e(!d, which is (dTected by means of th(‘ 

double seated balanced steam valve.* l>, fi^'. 113. .Sup(*rh(*at(*d steam may be used most 
effee liv(‘ly in steam turbin(*s, as there are no internal moviii}^ l)arts that work in contact 
with one another; and in the case! of the de Laval turbine there is the aelditional 
threat advantage.* that the? hii^h-temperature ste*am is confine.*d to the stationary ne^zzles 
and does not come* in contact with the moving' when!!, whie:h e)nly rotates in a chamber 
hlled with low’ tempe*ratun* stc:;am at the pressure of the exhaust. On e.*ithe!r side e)f 

the* wlu'cl the*re! e‘xists the. same pressure.*, anel, as a result, there is ne) terneleney for 

the* ste*am to le*ak |)ast; but to entirely [)reve.*nt such a possibility, the vane^s are 

extended raelially l)e‘yonel the outlets e)f the no/zle^s. It is also possible to proviele! 
lart;‘e* cle*ara!u:es between the; fixe*el and moviiii^’ pe)rtie)ns, thus removing’ e)ne! of the 
most serious elifticulties encounte*re*el in other types. Table*. 1 e:e)ntains the results of 
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tests made ujKm a 30-h.jK de Laval turbine at half and full load, when usini*- superheated 
steam and also saturated steam. From th(\s(.* tests it appears that increas(‘d suiKM'heatin;^* 
results in a reduc(-*d steam consumption, and also in a reduction of the he;it consumed 
per horse power. 

Loss(.‘s in a steam turbine art? due to one or mort' of three princi[)al causes, 
nam(?ly, friction of the steam and condensed moisture upon tht* metal surfaces, leakage 
past the movinj>- wheels, and partied eddy-current losses arisinj^ from shock and 
imperfections in the steam passages. So far as tht? de Laval turbine is concc‘rn(‘d 
there is practically no loss due to leakaj^e, as the pressure does not differ on tht* two 
sides of the turbine wh(?el, but it is subject to the other losses mentioned. L\pc‘rim(‘nts 
have demonstrated the serious erosive (effect of wet steam when movint*’ at hijnh vc‘lociti(‘s, 
and impingint;* upon even the hardest steel surfac<^s. Below a sp(*ed of 500 ft. p(*r second 
th(? steam has only a slight wearing effect upon the? drawn brass vanes, but above* this 
sp(?ed the effects rapidly increase in proportion to the scjuare of the velocities until, 
at a speed of about 4000 ft. per second, r(?sulting from the (*\pansion in a suitable 
no//le from a pr(?ssure of 100 lb. down to a vacuum of 2<S in., the hardest st(*(‘l b(*com(*s 
rapidly worn under the im[)acl of th(? particles of wat<?r. .Although the stt‘am actual!}’ 
leaves the (expanding nozzle of the turbine? at this high velocity, it imping(*s upon 
the buckets at a comparatively low s|)(.‘ed, as the* wlutel rotates in the same direction, 
and the w(?ar of the blades is in reality inconsid(?ral)l(\ Some loss of (‘fficienc)’ results 
from the formation of eddy currents at the? entrance* te) the* vane*s, esperially whe-n the 
turbine wheel re)tates at a s[)eed e)ther than that corrc'sponeling to the* ve'locity of the 
steam, as is the case in the ele? Laval arrange?ment; but the* loss(*s from this cause 
are not so great as might be (‘xp(*ct(?d, owing te) the* slight reduction in the* pe*rce*ntage* 
of moisture which simultaneously takes place. 

In 1896 Mr. Curtis obtaine*d his first patent for the type ot turbine which has 
b(!en included above under the? s(?cond class, and in 1902 it was place-d upon the* 
market by the (ieneral IClectric Company, ol Am(*rica. .So lar as the action is 
concerned, the Curtis turbine comes between the; do l.aval and the; Larsons l\pe, 
which will be ele.*.scribe;d later, but the arrangement anel the eletails diffe*!* in many 
important respe;cts. .Steam is expandeel in ne)zzle‘s e)n the* ele; I. aval principle*, but 
the expansion is ne:)t carried tej the full exte;nt in the; first se;t. (j(‘nerally four stag(*s 
are adopted, that is, the; steam is ex[)anded to a certain e;xtent, and the* e*n( rgy the n 
absorbed in e)ne stage, as in the de Laval type, and in the succe_*e‘eling stagers the 
remainder of the energy is transfe^rmed in the same way. By elivieling the; transforma- 
tie)n over four stages the vele^city of the turbine wheel is rexlucerel, as the* sp(‘e;el 
corresponds with the drop of pressure between the stage*s. I^ach stage; consists e)f 
a ring of stationary nozzles, in which the steam is partially ex|)ande‘d, and ot a rotating 
wheel, the buckets of which absorb the kinertic emergy of the expanded steam, big. 120 
shows diagrammatically the arrangement e)f the stationary and the moving vane*s of the* 
Curtis impulse type, and for comparison the arrangement ol the guide vanes and 
moving vanes of a reaction turbine is also given in fig. 121. It will be seen that the; 
passages between the moving vanes are not similar in the two cases, the section 
measured at right angles to the course of the steam being uniform in the case of the 
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v.'incs, which the stcain is about to enter, 
in direction and inaoiiitudf; by conipoiindinj. 



\ 


rar 

relatively to the nioviii”' vanes, the; ed;.>es < 
avoid all possible shock at the entrance of ih 


reaction turbine;. As the guide vanes 
serve the; same j)urpe)se in both types, 
they have lieen drawn alike in the dia- 
grams. A clearer ide;a of the action 
nuiy h(\ obtained by constructini^ a 
diajL^ram of velocities, as in 120. 

If the line repres(Mits the How 

throLii^h the stationary i^uide, c t/ will 
\ki the path of the steam at the moment 
of leavinj^- ihv. vane; but as the wheel 
vanes are moving’ forward with a certain 
velocity, will not re|)rcsent the direc- 
tion of the How rclativ(*ly to the moving’ 
rhis rc^lative velocity may be determined 
tlu! velocity of tht? steam at the ouitU* 
exit and th(! velocity of the wheel 
bucket. In the diai;ram, is drawn 
parallel to the i>*uid(! vane at the exit, 
aiul it represents, since the t^uide is 
stationary, the velocity and direction of 
the steam relatively to the earth, // 
pn'sents th(‘ velocity (^f tlu^ wheel, and 
th(! resultant Tie therefore rej)res(‘nts the 
direction and velocity of the steam 
which must lie in th(‘ same direction to 
steam to the buck(*ts. 'rh(* steam lea\'es 
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which is the velocity of the steam relatively to the next set of fixed ij^iuMe vanes, which 
as before must be arranged tangentially to av(jid losses from shock at th(? admission. 
Two, and sometimes three, rows of vanes are carried upon th(! peripheries of th(‘ rotating; 
whc^els with interveninjj fixed guides, which merely serv(! to reilirect th(‘ flow t)f the steam 
to the following ring without in any way changing the velocity or pressure. A c(‘rtain 
loss of efficiency results from the us(! of se\’eral rings of buckets on each wheel, as 
the st(‘am has more frecpiently to imjiinge 
upon th(! edges of the buckets, and the fric- 
tion in the passages is also increased, d'his 
difficulty is also cxperi(!nced in turbines of 
the Parsons type, but to a smaller (\xtent. 
bdg. 122 shows the essential f(‘atur(‘s of the 
Curtis turbine, as manufactured by the All- 
gemeine Fdc^ktricitiits Ciesellschaft, of lF:Tlin; 
but a radial section only is indicated. 'The 
high-pressure steam enters the first ring of 
ex[)anding nozzles, and then passes through 
the moving wheel buckets, which in this particular c*xam[)l(! an* arranged in two rings 
separated by a set of rix(*d guidt!S. After passing through this first wheel tin* steam is 
further (?\|)anded in a second set of (expanding nozzles, and the resulting kiiu'tic energy is 
absorbed as bcdbrc! in the buckets of the second wheel. A turl)o-g(‘n(*rator set is illus- 
trated in fig. 123, which shows in section the single-wh(*(^l ty[)(‘. 'I'liere is in this (*xampl(* 
only one presstire stage, l)Ut the wheel has three velocity ste|)s. b'or the sake; of 
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clearness the intermediate fixed guides are not indicated b(‘tw(!(*n the rings of mf)ving. 
Phis represents the smallest type of turbo generator manufactured by the Allg(*m(!in(! 
h'lektricitats Gesellschaft, and the steam consumption aimed at is ecjuivalent to that 
of corresponding small marine steam generator sets. For powers up to 1000 kilowatts, 
and speeds of about 3000 revolutions per minute, two j)ressure stages, each with two 
velocity steps, are provided, but only^ one set of buckets is used on the* s(;cond wheel 
when the vacuum is very low. This arrangement is illustrated in the sc^ctional fig. I2.j, 
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THE STEAM TURBINE 
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;iiul several \’ievvs of th(‘ actual mechanism arc* ;»;iven in fl^'s. 125, 126, 127, and 12S. In the 
first vi(nv the: cover containintr the steam expansion no//lcs has been removed, to ex[)ose 
the lirst-stai^e wheel and rint^' of buckets. Nozzles are only i)rovided around a portion 
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of the first -staoe wheel, and the delivery ends of these are clearly indicated on the 
iniKT face of the cov( r. th-A volume of th(‘ steam is much greater after the first 

expansion, it is necessary to provider nozzles around a greater portion of the second stage 
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guide, as shown in fig. 126. 'J'his view shows tlie first wIkh^I removed, but two s(;ctions 
of the fixed guide ring, which separates the two rows of Inickcrts on the wheel, liave 
been replaced to indicate the [josition occupied by them, l-'ig. 127 shows ilie secuiul- 
stage wheel exposed by the removal of the di.se containing the second s(-t of nozzles 
already referred to. These nozzles may be seen around th(! whole pi'rii)hery. In the 
last view, fig. 128, the second wheel with its two rows of vanes is shown removed, 
but as before the ring of li.xed guides has been reidaced. After passing through this 
second wh(>el tin; steam is (exhausted t(J the condenser throtigh the large passage under- 
neath the turl)ine casing. To illustnite the very compact natunr of the design, two 
examples of typical turbo-gener.itor sets, built by the Allgemeimt l-lektricitats (iesell- 
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schaft, are iL^'i veil in 129 aiul 150. One of tlic'.se, Til;. 129, shows a 5o-kil(>^^all con- 

tinuous-current set, and the other, 1114. 130, a turbine coupU-d direct to a’ 20()-kilo\\ati 
thr(!(;-pliase venerator. 

To the second class belongs also the Rateau turbine, which is an impulse or 
action turbine of a niulticellular type haviniL;' about nine pressuia! stai^cs of ih(‘ 1 )(.* Laval 
kind, instc'ad of two or three as in th(i Curtis arrant»cment, which, however, differs 
further in havint^ two or more velocity ste[)s on each wheel as already described. 
When the initial steam pressure and the vacuum are mod(‘rat(-* th(* number of wlu*els 
recjuired is small, and they are now i^encrally enclosed in om\ casini^-. An external 
view of a 60-b.h.p. Rateau sinj^le-casintf turbine is illustrated in lit;’. 131, and a 
comi)lete section of the machine, which is manufactunrd by Messrs. L'raser <!<: Chalm(*rs, 
is ^iven in 132. I^ach turbine element or statue, of* which in this [)articular c^xampk* 
there are nine, consists of a fixed distributinjr rin^ and a rotatint;' v\he(‘l, to whic h live 
steam is admitted through the controlled valve c and the passages ic o and i: are 
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iIk; first sets i»f wheel ;iikI liiikle vanes respectively, and k is the exhaust. Thin 
sh(H.t-steel discs, provided with peripheral nickel-stetrl vanes, are used for the moving 
wlua.ls, .and a miinher of these are sliown asscaiibled upon the shaft in fig. 133. Owing to 
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tilt* lar^c i)(*r('cnta;^(* of nickel in the steel used for the values, rustiiiL** is ]arc>‘(‘Iy prevented, 
and tin* lilt* is inc reased c‘ven \vh(‘n iisini^ hij^hly siijierhcMted steam. Around the vanes 
are fitted shrouding rini^s into which tile tips are. riveted, thus improving* the* rigidity 
and reducini^ the possibility ot accidental slrippiny. Between the movinj^ wheels are 



|)Iar(*d the* h.xed distrihutiiii^ diaphraL»nis, strveral of which arc* shown in fii^'. 134. In 
the first dia[)hraijm ihroujLth wliich llie hi^h-pressure steam passes the distributing;' vanes 
are [ilaced upon a portion only of the* circumference, and as the volume of steam increases 
in the succeeding elements a c()rres|)ondin<4ly larger proportion of the circumference is 
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used. As the steam follows a spiral course in its passa-^e throu).>h the lurhine. the 
apertures of the succeedin'^ discs are placed with a certain relative ait'^iilar advance 
d(;pendinj'- upon the speed of rotation, so that the steam discharged hy <nit! wheel may 
enter the nozzles of the next distributor without shock and conse(|uently without loss 
of kinetic energy. rurhines of the Rateau type 
are also manufactured hy the Oerlikon .Ma- 
schinenfabrik, of Switzerland. An (!xample of 
an Oerlikon 300-h.p. turbine coiUainetl in a 
single casing is illustrated in section in fig. 135, 
and fig. 136 r(!pr(!sents a similar 1500-kilowatt 
turbo -generator .sot. .Sufficient description has 
already been given of the action of the steam 
in the turbine, but the diagram fig. 137 svill 
help to explain the changes undergone by the 

. . Ill • * ‘‘I* M l.--“ !■ fiiiHio V.int's ,)t Iv’.itf.tii Tm ltino 

Steam in its passaj^c throiii^h tne^ various 
expansion nozzles mid wheel vanes. l^aeh of 

the twelve! stages indicated in the diaoram hy Roman numerals consists of ihret* 
portions, corresponding* to the i^uide wheel, moving- wIk'cI, and the* interv<‘ninLi' span*. 
Followin*;' the curves from the (mtrance of the steam to the* (*\hausi, it will he secsi 
that in the first t^uide wla.-el there is a fall of th(‘ pressure' curve I, with a corre'- 
spondino’ increase of the velocity of the su^am and therrfore of th(‘ l<im*tic energy. 
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This kinetic eneroy is absorbed in the movini»* wheel, where it is transformed intei 
mechanical work, and, as indie^ate'd in the! curve 11, the velocity falls hut ther pres- 
sure is iU3t altered, as lU) expansion takes place in the meivini;* wherel vanes. Be twee n 
the fixed and the meivini*- peirtlons there are provided clearances spacers, whieh are 
made as small as possible consjste.'iit with safety; and although the.* diagram shows 
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tli(‘ i)n‘ssi]rc and velocity of the* st(*ain in th(* clc^aranci* spaces as nol varying*, th(a*(i 
an* in |)raclic(* caalain losstrs due* to sliock and th(! formation of eddies. In th(i second 

el(*ment of the turbine a further 
amount of the* pressure (*n(‘rey is 
conv(!rted into \’elocity energy l)y 
the second sc*t of fixc‘d vanes, and 
this caierey is in turn absorbed 
l)y the next moving* wheel, until 
at the last (d(*ment the steam is 
(.‘xpanded down to the pressure 
of the condenser, by which tiiiK; 
practically the whole energy has 
b(*(!n transformed. (.'urvt* I of 
the diai^ram is aj)proximately the 
familiar adiabatic expansion curve 
of th(! ordinary reciprocating* stcxim 
ent;in(x and if the stages had been 
more numerous the curve* would 
have been still more continuous. 
Referring to the section fig. 135 
it will be seen that the fixed guide 
discs are carried inwards to the* 
shaft, so that the possible le*akage 
space is greatly reduced. - Owing 
to the elifferences of the pressures 
across the various elements there 
is a tendeiKy for the steam to 
leak past the fixeel guieles, unless 
some prce'autions are taken to 
avoiil it; but as the* elifferences of pr(*ssurcs are small the leakage is not serious. In 
the! De- Laval turbine there is no such te^nelency, as the pressure throughout the moving 
wheel chamlH‘r do(‘s not vary, and the* cle*arance spaces may be made ceirrespeinelingly 
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cjreater. As the pressure of the steam falls its volume increases, lU'cessilatini^' a 
corresjK)ndin<>' increase in the cross section of th(‘ steam passages, as shown in the 
section and indicated in the diai^ram. In the diajihrai^ins of tin* lirst sta^e through 
which the steam passes the ouicU^ vanes are situated upon a portion only of tlu* 
peripheries, and in the succeeding* stai^es the proportion is increased, until at th(‘ 
final staoe the? apertures occupy the. whole circunderence. 

One of the turbo-j^cmerators recently installed by the Oerlikon t'ompany at the 
Woikowice Colliery in Russian Poland is 
illustrated in fi^*. 136. I'hti effective out- 
put of the turbine is 2300 b.h.p., and it 
is arranged to run either with saturated 
st(.*am or with su^am superheated to 
250° C. at a prctssurc! of 10.5 atmospherc^s 
absolute. All thrive stall's — hit>*h, middle, 
and low pressure —arc! contained in one 
casino’, and this was tlu! first example! of 
a mono-cylindric turbine of this type for 
so laro'c! an output. Directly coujiled to 
the turbine is a thrc.!e-phas(! ‘4eni?rator of 
1 500 kilow^atts at 2000 volts and 50 cycles, 
the speed of rotation beino 1500 per 
minute. Another interestino* type is illus- 
trated in fio*. 138. As before!, the oeiu!ra- 
tor is carried directly upon the turbine* 
shaft, but the arranj/ement is vertical 
inste*ad of horizontal, the weight beino 
carried upon a suitable step bearing. 

This particular turbine has be!en installe*d 
to utilize the exhaust steam from an e^xist- 
ino' high-pressure ste‘am [)lant, the! slexim 
being supplied to the turbine! at a pre.'S- 

^ ^ I tit' ll T'lMliM-f M iKM.ttdr by lli« 

sure of only 14.2 lb. per sejuare inch, oiiiikon co., s\sii/.ii.,nri 

with a vacuum of 1.4 lb. per sejuare inch 

induced by me*ans of an ejector-condernser. 'I'he consumjjtion is about 50 lb. per kilo- 
watt hour. Reference will again be made in a later section to the! utilization ol exhaust 
steam in turbines. 

There are s(!veral othcir ty}K!S ol multicellular iinjiulsc! turbines that have! made 
considerable [)rogrc!ss within the last yexir or two, but, however inte!resting the details, 
the principal features differ sej little from either the Curtis or the Rateau turbines that 
a detailed description cannot be giv^en here!. Of these turbines the most successlul 
are the Zoelly — the details of which are fully illustrated by means of the cardboard 
model at the commencement of this chapter, the Riedler-Stumjif, and thc! b.sch(*r-\Vyss. 

Velocities of a more moderate amount, suitable for thc! dirc!Ct driving c)f ordinary 
electrical [)lant and for marine W'ork, are obtained in the Parsons turbine by dividing 
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the wliolf expansion of the steam over a laree number of successive stages, suitably 
proportioneil to give a small fall of pressure in each stage. So far as the fixed guides 
are concerned, there is essentially little tlifference between the Parsons type and the 
ii\ipuls(; turbines already described, but. as illustrated in the diagrams figs. 120 and I2l, 
the passages through th(; moving vanes of the impulse turbines have a uniform cross 
section when measured perpendicularly to the direction of the flow of the steam, while 
the section is not constant in the reaction wheel. Kinetic energy is thus generated in 
the compound turbiiu; not only in the fixed blades, but also in the moving vant^s, 
which convert the whoK; kinetic energy thus productxl into work, and the overall 



length of the turbine is considerably rediuaal by m.'iking the moving wheel serve? a 
doulile purpose. 

h'or laiul service; the; Parsons turl;ine has proveel itself te) be admirably suited, 
and in many large electrical stations it is being adopted to the comple;te exclusion 
of the; re-ciprocating engine. At sea, however, the progress has not be;en se) rapid, 
as the sp(;e;el at which the; pre^pellcrs can l)c efficiently run is as yet lower than 
the efficient spc'cel of the turbine which can be conveniently installed. By sufficiently 
increasing the; eliameter of the rotor the speed eif reetation cejuld be. reduced, while; 
retaining the high peripheral velocity reejuired for the efficient absorption of the kinetic 
emergy, but the weight of the plant wemld exceed that of a rccipre)cating .system, anel 
at the- |)re;se-nt time the saving in weight in many actual marine turbine installations 
eloe;.s not amenmt to more than 5 per cent. 

A complete section of a P.irsons compound turbine, designed fe>r the direct driving 
of elynamees, is illustrateel in fig. 139, from which it will be seen that the stages are elivideel 
into three se-e tieens, which may lx- calleel the high-pressure, intermeeliate, and low-pre.ssure 
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turbines. This arranir(*nient is adopted for manufacturinj^ reasons, as the cost wcnild be 
prohibitive if each statue were inacki larger than the pnxedin.i; oiu*. From the rotor 
l)rojcct the rini;-s of vanes, which nnate past the rinys of ouid(? blades attached to 
the casine- a. Lookino- down ttpon the surface of thtt rotor in the dir(‘Ction of the length, 
the relative positions of the fixed and ihi; movin*;* vanes would be as shown in fi;^. 140, 
the sets of fixed guidc^s shaded in ihi) illustration bein]L»* those which expand tin; st(‘ani 
and direct its flow upon the sets of niovin<>- blades. Live steam from the boiler is 
admitted through the governed valves /’ and /, fig. 139, to the chamb(*r at th(‘ 
beginning of the high-pressure portion immediately behind the dummy ]fiston marked 
r, and, after its energy is abstracted by the rotor /?, the st(^am is exhausted through 
/. Admission thus takes place around the whole peri[)hery, and in this r(‘s|)(‘ct it 
differs from the impulse types already describcxl, in which full admission only takes 
place in the later stages. As the pressure of the steam falls, and as its en(‘rgy is 
abstracted in its passage through the turbine, the volume increases, iu‘C(‘ssitating a 
corresponding increase of passage area through the 


vanes and guides; but in practice this condition is 
only partially satisfied by increasing the blade h(*ights 
of succeeding sets of stages. Thus there are, in the 
example shinvn, two heights provided in each of the 
high-[)ressure and intermediate turbines, and three in 
the low. 

Pefore procecxling with the actual manufacture of 
turbin(!s, the Hon. Charles A. Parsons carried out a 



series of trials with shafts running at the high speeds 

which were rec|uired for th(; early small-diamcaer rotors. As a result of these (‘xi)eriments 
it was found that s])eeds of 40,ocjo rc^volutions [)er minute could be satedy maintained 
without excessive vibration, by providing in the bearings a certain amount of freedom 
combined with transverse frictional rc-sistance. In lh(-* first machines the bearings 


were providc^d with a series of discs fitted aluaaiately to the shaft and the bush, lla* 
whole series being presstal together by a spiral sj)ring. 'I'his arrangement prov(‘d 
(|uite satisfactory, and was fitted to a large number of turbines, but it was subse(|ueiuly 
dis[)ensed with in favour of a sim[)ler arrangement, consisting j)f a number of loosely 
fitting concentric tubes separated from one another by films of oil, which effectualls 
damped out the vibrations. In the illustration, fig. i ^ 9 , /f are the bearings of the* tubular 
ty[)e, and on the portion (T thci shaft which passes through the casing are shown the 
annular rings and shaft flanges, which arc; almc)st in contact, and which |)rc*vent the 
loss of steam by coffering only a restricted and long [)assage, or, as it is callc‘d, labyrinth, 


for the steam to pass through. 

One advantage of the impulse turbine over the reaction ty|)c; is the; absc-nce* 
of end thrust, cjwing to the ecpiality cjf the pressure on both sides c)l each of the* 
moving wheels. Any diff(;renc(; of prc;ssure that may arise; from |)ressure lossc;s due* 
tej friction in the moving buckets of the; impulse wheel may Ik; compensatc*d, so far 
as the end thrust is concerned, l)y altering the direction of the vanc's at the exit. In 
the reaction turbine there is a considerable end thrust on the shaft, due tej the fall of 
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|)r<L*ssiirc which takes phicr. in the moving vanes, and arrani^enients must be provided 
for eff(!ctually neutrali/in^*, or taking' up, the thrust, as all possibility of fouling* between 
the movin^L; and ihit Hxed rinj>s must be avoided. By placin<( two ecpial turbines end 
U) end, in oju; casing if desired, the thrusts could be made to balance one another, 
and this was the method adopted in the (;arly land machines; but two small turbines 
form a less economical arrangement, than one larLfcj one, owini** to the higher speed 
of the two small ones, and to the larger ratio of th(i clearance s[)accs to the steam 
passage area. h'or this and other manufacturing reasons the doulde system was 
abandoned, one of the turbines being replaced by an ecjuivalent series of balance, or 
“dummy” |)istons, indicated in the illustration at r. There are three of these balance 
pistons, corresponding with th(.* three low, intermediate, and high-pressure sections 
of the turbine, and each pr(‘sents an area ecjuivalent to the mean blade area of the 
section it is intended to balance. Thus the small piston under the [)rcssure of the 
boiler si(*am balances the high-pressure s(‘Ction of the turbine, while the second and 
third pistons sc.Tve to balance the interm(?diat(! and low-pressure sections respectively. 
It will Ik; seen that tin; face; of the second piston is acted upon by steam at the inter- 
mediat(‘ pre.'ssiirc;, led through a suitable passage formed in the casing, and that the; 
thirtl piston is in a similar way subjected to the low-pressure steam. Uov marine 
turbines small(*r dummy rings are required, as the greater part of the turbine thrust 
is balanced by that of the propell(;r. (irooves and rings are. f(jrm(;d on the dummy 
pistons to |)revent leakage, as In the case of the shaft glands already described. 1 wo 
governors are provided, (jne for controlling wide variations of the sp(;ed, and the other 
for small lluctuations or variations in voltage wh(;n the turbine is coupled to an electrical 
generator. If th(; speed rises unduly, the centrifugal governor // controls the balanced 
valve /* by means of th(; lever shown in the illustration. A second and more .sensitiv(* 
governor controls the suppkanentary valve / through a r(;lay valve w, which is operat(‘d by 
means of a long lev(;r //; but when it is desired to control the speed as the voltage of the 
dynamo varies, the solenoid arrangement marked o in the figure is adopted instead of the 
centrifugal govtTnor. By connecting the coil o as a shunt across the dynamo t(;rminals, 
the solenoid attached to the end of the lever at // is moved up or down as the voltage 
varies, ami thus th(; valvi; / is operated. Oil is forced in a continuous stream through 
the bearings by means of the pump driven from the worm w'he(;l of the; governor //. 
At sea the conditions, so far as steam turbines are concerned, an; very different from 
tliose on land, ami the a[)plicatIon of the turbine to the pro[)ulsion of vessels has not 
been so rapid. 'Fhe chi(;f limiting factor at [)res(‘nt‘ is the low efficiency of the propellers 
at the high speeds best suitc;d to the turbine, and for a combined (;fficiency^ equal to 
that of a r(H:ii)rocating |)Iant the; turbine efficiency must be considerably superior to 
that of the r(;cI[)rocating engine. At the present time the most suitable form of propeller 
for a |)articular turbine vessel cannot with any certainty be predicted, and, until the 
conditions are Ixater understood, the choice of a propeller will be more a matter of 
e\pi‘nsive experimemting than of (k^sign. 

In January, iSq^, a .syndicate was formed at Newxastle-upon-Tyne, by Mr. Parsons, 
tor the purpose of carrying out the costly preliminary experiments that were seen to be 
necessary before the turbine could be applied successfully to ships, and an experimental 
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vessel, the Turbinia, was constructed, th(‘ leniL(th hein^ loo ft., the beam 9 fi., and ilie 
displacement 44 tons. 

liy increasing the number of expansion staj^es the* speed of rotation may be 
correspondingly reduced, as already explained, but th(‘re are objections to unduly 
increasing the overall length of the turbine, and in the Titrhiuia the eompl(‘te expansion 
of the steam was, in th(i final arrangement, divided ov(‘r thna* separate turbines arrangi‘d 
as a high-pressure, Intermediate, and low-pressure series. Thert.* were tluis three shafts, 
each of which was fitted with three propc'llers. Owing to the non-reversible natuia* of 
the turbine, a separate reversing turbiiu^ was coli]j1(h1 to the c(‘ntr(‘ shaft, which, imdei* 
normal conditions, was driven by the low-pressure^ turbiiu^. 

Very remarkable re^sults were obtained at the trials of tlu! vessel, the maximum 
s[)eed of 34^, knots being attained with an i.h.j). of 2300. At 31 knots die total st(‘am 
consumption for all purpos(‘S was asc(*rtained to b(‘ 14A lb. per indicated-horse-power 
hour. 

l^'urther trials were made in 1898 1900 by the Admiralty, with the torp(‘do-boat 
(kistroyer llpcr, and, later, with a second destroyer, the Cobra, both v(‘ssels wc*re, 
unfortunaUily, lost at sea, but very valuable experience was obtained from them. 

,Since the building of the Kiuo' lidioard, in 1901, by Messrs. William Denny X 
Bros., of Dumbarton, the turbine has been a[)plicd with great success to a large number 
of express passenger steamers of the cross-channel ty}K!, and to large yac hts, in whic h 
smoothness of running is almost of as much importance as economy. lCx|)eri(‘nc*e 
gained with theses vc^ssels seems to indicate in many cases that thc! spewed is maintained 
in all weathers, which probably is due; to the dee[)er immcM'sion of the propc'lk r blades 
resulting from the smaller diameter, and that the propellers do not race in a heavy sv.x 
way. 'Turbine vessels, when starting, gather way very cjuickly, as the starting torc|ue 
is about 50 per cent greaU;r than the normal running tor(|U(*. As the* stexun (;nters 
the turbine it acts upon the stationary blades, and exerts a force; mucli greater than 
when the blades rotate with the steam, because; the; V(;locity of the steam relativc*ly to 
the blades is then much less. 

Almost without exception all the reccait battleship and cruiser additions to the 
British fleet have b(;en provided with turbine machinery, as the system offers ce rtain 
strategic advantages apart from any actual saving in working costs. 

For large Atlantic liners, the Allan Line (kjinpany was the first to adopt thc^ turbine*, 
which was installed in two of their new vessels, the; llciorian and the Viri;^inian, each 
having machinery of 12,000 i.h.p., estimated to give a s(*a spcrcal of 17 knots. '1 hese 
boats faikxl to coni[)letely realize all cx|)ectations, but the results have recently been 
considerably im[)roved. 

Preparatory to the construction cjf the two great turbine ships, the; Liisitarui and 
the Maitretaniiiy the Cunard Cejmpany added to their fleet the Laronia and the Camaiua^ 
sister ships of 30,000 tons displacement and 21,(300 i.h.p., and from these; ships much 
valuable experience has beem gathered. Moth the Lusitania and the Maiurtauia have 
been fitted with turbines of 70,000 i.h.p., calculated to give a sjkxcI of 24J knots. With 
turbines of this large size it is hoped that the consumption will be phenomenally low, 

and that the cost of maintenance and supervision will also be small. 

You L 
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the two low-pn'ssiirt; lurl)incs on the wine; shafts, from which it is exhausted to tlie 
condensers shown at each side. On each side shaft i.s fitted an astern tiirl)ine, contained 
in tlie low-pressure casint^. During the forward running the astern turbines rotate 
idly, and with very slight loss, in the vacuum of the condenser. 
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C(Ttain improvcmcnis have been effected in the details of the Parsons tiirbiiu; by 
licensees of the I’arsons Company. Messrs. Willans Robinson, of Riioby, have 
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introduced an imi)r()V(*d system of l)indinj4' toi;eth(‘r the* tips of the blades and of 
attaching them to the rotor body. 1 h(! blatles tor both the casinj^' and thc^rotor are 
assembled in hiilf rin^s upon C()rres|)()ndin<4ly halved foundation rini^s i*, 
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which are fitu^d into dovetailed orooves on the rotor or casinj^', and secured by caulkint^’ 
strips (\ Into the shroudinj^ rinys s arc riveted the ti|)s of the blatles, whith art! 
])rovided with suitable projections for riveting over. When the tips of the blades 





l i:;. iy>. --Sc».lioii ol \Vc>lm.i;ln'HM'-l’.ir.soii'> I'uiliiiio 


rotor, ami tho method of hinv^ini; the upper half of the casing so that it may be 
<)|)ened up for inspection or repair without fear of damaging the blades. One other 
important modification is that adopted for lialancing the thrust of the low-pressure 
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blades, by admitting; sleani to the hice of the low-pressure end of th(' rotor, as shown 
in %. 145. As in the Parsons desitfii, two dummy pistons, c ami n, are used to balana; 
the thrusts on the high and the intermediate Idades rc‘spectivel\’, lait tlte thinl large- 
diameter piston may be dispenstKl with, ;ind thus the weights of the rotor and the 
casing at the high-pressure end are consideraltly reiluced and the length diminished. 
I.ow presstirt! steam is .admitted throtigh the passages G(; to the end face k, the area 
of which is made eciual to the; mean area of the low-itressurt! Idades, It will be st^en 
from the illustration that the steam connections are all providtal with telescopic portions 
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to permit of e.xpan.sion when first the steam is admittc'd to the casing, (ireat care must 
be (!xercised in uniformly heating tip a steam turbine before starting, as otherwise uneciual 
e.xpansion may cause the rotor and the stationary blades to foul <-ach other, ;ind the 
casing also may lx; damagtxl. Once the casing has safely reached the working 
temperature there is less danger, although, under norm.il conditions, the oix; end is 
at the temperattire of the high-presstirc steam and the; other at that of the condenser. 

A sectional view of a Westinghouse- Parsons turbine is given in fig. 146, and as 
the drawing is sulificieiuly clear and self-explanatory the details need not be further 
described. Fig. 147 shows a 600-h.p. turbine with ihc u[)|K'r casing opened up for 
inspection, and fig. 148 is ;in interesting comparison of tlx; spaces occupi(;il by a 
5000-kilowatt turbo-generator of the \V(;stinghouse Parsons type and by an eciuivalent 
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compared with that required lor the reciprocatinj* set, and the cost of the turbine 
power house is correspuiuhn^ly small. 

Ciood condensing arrangements are an essential part of the steam-turbine plant, 
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as the turbine is admirably suited to the full utilization of a hijvh vacuum. In ordinary 
practice, with well-desi},med air and circulatinjr pumps, and an allowance of i s(i. ft. of 
conden.ser surface per indicated horse power, a vacuum of 26 to 27 in. may be main- 
tained. This may be raised to 27I or 28 in. when required for the turbine, by increasing 
the surface; per indicated horse power to i J- .sq. ft., and by increasinjr the supply of cooling 
water. Mr. Parsons has further improved the performance of the condenser by adeling 
a vacuum augmenter, which consists of a steam aspirator placed between the main con- 
denser and the air pump, as shown in fig. 149. The jet of steam passing through the 
restricteel nozzle extracts a large projjortion of the air and vapour from the main con- 
den.ser and forces it into the 



augmenter condenser, from 
which it is drawn away by 
the main air pump. Re- 
cently the consumption of 
steam in the jet has been 
reduced to from i to j)er 
cent of that being dealt with 
at normal load in the main 
condenser, and with this e.\- 
penditure the reduction of 
the steam consumption in the 
turbine is about 8 per cent. 

Exhaust steam tur- 
bines are only now being 
generally installed, although 
th(; combination of the high- 
pressure reciprocating en 
ginc with a low-pressure or 
exhaust turbine was patented 
by Mr. Par.sons .several years 
ago. It is not possible in 

the ordinary reciprocating engine to carry the expansion as far as in the turbiiu;, owing 
to the large ca[)acity that would be required in the low-pressure cylinder, and to the 
condensation losses that would re.sult from the large and intermittent chaiig(;s of 
temperature. Many large reciprocating engines installed throughout the country tlo 
not work condensing, and this is particularly the case in rolling mills and colli(;ries, 
where the working is .so irregular as to interfere with the efficient action of a conden.ser. 
By installing suitable condensing plant and receivers and an exhaust steam turbine, 
the energy of the exhaust steam may be utilized instead of being rejected, and, without 
atlding to the boiler capacity, a large increa.se of power, amf)unting in certain cases 
to as much as 70 per cent, may be obtained. Owing to the intermittent nature of 
the exhaust from reciprocating engines it is generally neccs.sary to install receiving 
chambers for the pur{K)sc of steatlying the steam supply to the turbine, and when the 
exhaust is very irregular, as in the case of rolling engines, a regenerator system e<|iii- 
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viilciit to ;i hf-at fly\\h(rcl is required. Profc;ssor Rateaii has successfully applied the 
system of thermal storage to the Parsons e.xhaust-steam turbine, and arrangements have 
been made by the rttspective patentees for working the patents in conjunction. In 
tin; first type of steam .accumulator, fig. 150, devised by Professor Rateau, the (ixhaust 
steam is l<al into a xcrtical chamb<;r filled with shtillow cast-iron trays, in which the 
conikaised water acriimulates. As the stiaun passes l)ackwards and forwards over the 
larga; surface; e.xposetl, a rapid interchange of heat takes place, heat being absr)rbetl 
when the steam supply is gr(;at and given out again when the flow is reduced. A 
mon; iiuimat<“ mi.sture of the steam and the water is obtained in the second type, 
illustrated in fig. 151, which dejtends for the storage of the heat on the absorbing power 
of water only. It consists of one or more horizontal cylindrical chambers containing 



a number of longitiulinal ellijaical steam tubes a, pierced with rows of small hol(;s 
and subiiKM'ged in th<‘ water spac(;s n. .Steam enters th(; elli|)tical tubes through a 
non return \alve at the left eiul, ami esca[)es into the water spaces u through th(; 
tube perforations. When tlu; st(;am supply from the main engines is reduced, the 
water lilaaatcs the latent heat it has al)sorbed, and an (;ven flow of low-pressure; steam 
is givi;n off. .Xt the saim; time the steady demand of the low-pressure turbine, which 
utilizes the steam, reduces the pressure in the accumtihitor, :tnd the steam still reUiined 
in the inner tulx s then forces its way* throtigh the perforations and helps to -maintain 
tlu; circulation of the water and the liberation of steam. Other systems have been 
proposed, in which tlu; heal is ab.sorbed by scrap iron instead of only water, but it 
is not necessary to describe them here. When it is required to run the turbine even 
although the main engines are stoppeil, the turbine must be supplied with live steam, 
and in these cases sju'cial reducing valves art* fitu.'d on the boiler connection to reduce 
the steam to the working pressure of the turbine. 
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THE STEAM LOCOMOTIVE 


When the first great development of railways took place, half a century ago, lines 
were constructed, and tunnels cut through the hills, with but littK^ idea of providing 
for future demands, the magnitude of which was probably unthought of. 

Over these early routes locomotives of ten times the power now rinjuire to run, 
and this has involved the concentration of the large boilcT power re(iuircd into a space 
limited both in height and in breadth, the latter restriction being dui^ to the narrow 
gauge or separation of the rails adopted. Designers of locomotiv(j engines have thus 
to face restrictions that arc met with in no other branch (^f steam engin(!ering. 

As in the case of many other grciat inventions of universal application no one 
country or man can lay claim to the highly perfect locomotive of the prc'scait day. 
British, American, and Continental engineers have all contributed, although the 
different conditions met with in these countries have led to the adoption of type's 
best suited to their particular requirements. 

The stages in the development of the locomotive are as follows : — 

From 1680 to 1784 repeated attempts wea-e made to produce; self proju^IIed 
vehicles for use on the common highways. 

In 1769 the first steam carriage was practically trieal with some succevss. . 

In 1804 a trial was made with the first locomotive running on rails. 

1814 to 1830 was a period of much experimental working, and theieafter from 
1830 may be dated the practical development of the steam locomotive. 

The first proposal to substitute self-propelle;d vehicles for hors(;-diawn carriages 
on the public highways was contemporaneous with the invention of the st(;am engine 
itself. In 1680 Sir Isaac Newton suggested the reaction of a jet of steam escaping 
from a boiler as a suitable way of driving a road carriage; but, as may lx; readily 
understood, the idea was never practically realized. 

James Watt, in 1784, filed the first patent for such a vehicle, and later constructed 
a model locomotive which developed a speed of about 8 miles an hour. d'h(; idea 
was not carried further than the model, which is now preserved in South K(;nsington 
Museum, London, until in 1790 it was revived by Nathan Road. 

123 
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'Fo a Frenchman, Nicholas Joseph Caignot, l>eIon5«s the credit, in 1769, of not only 
devising l)nt also realizing- die first steam carriajre of any practical value. The trials 
showed that with certain modifications the carriage might have been run in actual 
service? with some success. Its further development ceased on the death of the inventor. 
Cugnol’s steam carriage is now in the? collection of the Conservatoire of Arts and Science 
in Pnris. 

In 1756 Olivier Iwans, the constructor of the first steam engine in America, 
suggT!.st(‘(l its use without a condenser for locomotives, d'hat he realized the practical 
value of lh(* i(I(Ni is evident from some of his writings. He had no doubt that his 
machine would he. abk* to steam against the current of the Mississippi, and to earn 
larg(* profits running on the public highways. The time would come, he prophesied, 
when passengers would be carried in steam carriages as fast as the birds could fly, 
that is from 15 to 20 miles an hour. A traveller leaving Washington in the morning 
would take* br(.*akfast in Ikillirnore, dine in Philadelphia, and have supper in the evening 
at N(*w York. Several machines w(T(! built by him, but owing to his death in 1819 
the.y were not put into actual S(‘rvice. 

Ca)nsiderabl(! {)rogTess was made! by several Pritish engineers, as, for example, 
'Frevithick in 1S02, (Iriffith in 1821, Gurney in 1827, and Hancock in 1836. The 
steam carriages of the latter ran at a speed of 10 miles an hour, from Paddington, for 
hours [HT day. Oikj of the carriages attained a regular speed of nearly 20 miles, 
but owing to the unsuitability of the roads, and to the strong opposition of the stage- 
coach proprietors, the; carriages were forced to withdraw, and progress accordingly 
was arrested. 

In 180.^ 'Freviihick, a pupil of Murdoch, built a locomotive to run upon rails. The 
engine worked for several weeks on the Merthyr- Tydvil Railway in South Wales, 
but the sp(?eil attained was very low, and an accident soon stopped further trials. Many 
of th(. ( ssciitial features of this engine are to be found in the locomotives of the present 
day: the lire grate was placed for the first time inside the boiler, a condenser was 
<lispensed with, and the tlraiight was forced by means of the e.xhaust steam. The 
cylinders wi-re placed side by side with the pistons, driving cranks set at right angles 
to one anollu'r. Insufficient resources compelled the inventor to abandon further 
iiltempls to improve what appe.ars to have been a very promising engine. 

About this time the opinion seems to have been formed that a locomotive had 
not sufficient adhesion upon the rails to tlraw even very light loads up a small incline. 
Fo overcome this supposed difficulty, Blcnkin.sop in i8ii adopted a rack rail with 
which the toothed driving wheel of the engine geared; but the wear and tear were 
found in [nactice to be e.xcessive. Chapman, in 1812, made use of a long chain lying 
between the rails, with one turn coile<l round a winding drum on the engine. The 
tmgiiu' in this way pulled it.self along, towing its load after it. ■ A third idea, more 
ingenious but less practical, was experimentally tried by Brunton in 1813. The engine 
in this case pushed it.self along by means of two jointed propelling levers, which were 
alu'rnately raised aiul thrust out backwards, imitating to some extent the action of the 
hind legs of a horse. A serious accident brought the trials to a sudden clo.se. 

In I St 3 Ileilley revived Frevithick’s arrangement, and proved that very practical 
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results could be obtained from locomotives built upon its principles. Iledley’s first 
locomotive was built for the Wylam Colliery on the ryne, where it ran for some time. 
It was a very small engine running upon four wheels, and working with steam at 
4 atmospheres pressure. At a later date eight wheels were fitted in place of the 
original four. One of these locomotives, which worked until iSb2, is now preservc^d 
in South Kensington Museum. 

So far as mechanical details are concerned the locomotive had reached a state 
of considerable practical value, but the puvver obtainable was very low owing to the 
inefficient nature of the boiler. A French engineer, Marc Seguin, patented in 1S27 a 
tubular boiler, and applied the idea in 1831 to a locomotive which ran upon a railway 
between Gisors and Rives-de-Giers. 

Particulars of this locomotive are given below: — 


Number of wheels ^ 
Tubular type boiler 
Length of tubes 
Number of tubes 
Heating surface 
Diameter of cylinders 
Piston stroke 
Total weight 


diam(‘ter, ft. 3 in. 

working pressure 3 atmospheres. 

7 h- 3 

d3- 

250 sq. ft. 

9.4 in. 

2 ft. 

6 tons. 


(jeorge Stephenson, who was simply a working mechanic in the (‘inploymeiu of 
Lord Ravensworth, designed and built a locomotivti called the Pliicher, which was 
placed on the Killingworth Colliery Railway in July 1S14. It was succecaled by a 
second engine embodying several important improvements, d'wo cylinders were used, 
with their pistons driving separate cranks one upon each axle, the two axles b(n*ng 
coupled together by means of a chain and s[)rocket whe(‘ls. Instead (jf using cast 
iron for the locomotive wheels, as had until then been the universal practice, Sle|)henson 
built them of wrought iron for the first time. He also invented a dyn.im.ometer, l)y 
means of which he was able to determinct the |)ull exert(*d by his engines under various 
working conditions. In this way he demonstrated conclusiv(*ly the great advantage* 
of providing rails for the engine to run upon. b'rom his measurements hc! showed 
that a locomotive running upon rails could pull a load ten tim(*s as great as (ould lx* 
drawn on the highway and at four times the speed. When .Stephenson was appointed 
engineer of the Stockton and Darlington Railway he had more oj)[)ortunity of deveIo[)ing 
his ideas. Until then locomotives had been us(xl solely for mineral and general goods 
traffic, passenger trains being drawn by horses at a speed which was generally being 
recognized as too slow for the requirements of the times. Stephenson soon realized 
this, and applied one of his goods engines to the passenger service. This engine dn-w 
long trains of carriages at a speed of over 12 miles an hour, and helpf.*d greatly to 
develop the public taste for still more raj)id means of locomotion. Although the Merthyr- 
Tydvil Railway was established as a railway company by Act of Parliament in 1803, 
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the Stockton and I )arlinj,rton Railway, o|«--n(al in 1825, was the first railway in actual 
piihlic service. In 1828 the Liverpool and Manchester Railway Company, which had 
completed wliat was at that date the most substantial and best levelled railway in the 
country, offered a jjrize of /'500 for the locomotive which would best fulfil the following 
requirianents. 'fhe engine was required — 

1. 'fo burn its own smoke. 

2. fo weigh 6 tons and to draw a load of 20 tons at a speed of 10 miles per hour, 

and with a boiler pressure of 60 lb. per square inch. 

3. 'fhe boiler to have two separate safety valves. 

.p 'fhe engine to have 6 wheels and to be carried upon .springs. The over-all 
height also not to e.xceed 15 ft. 

5. fhe boiler to be capable of withstanding a pressure of 240 lb. per square inch. 

6. fhe boiler to be provided with a mercury gauge indicating pressures above 

45 lb. per square inch. 

7. 'fhe engine to be ready for trial by the ist October, 1829. 

8. 'fhe price not to exceed ^^550. 


I'ivi? locomotives were entered for trial: 

1. 'fhe Cyclopeile by llrandrith, Liveri)ool. 

2. fhe Rerseverance by Hurstall, lidinburgh. 

3. 'fhe .Sanspareil by Hackworth, Darlington. 

.p 'fhe Novelty l)y Hraithwaite iS: Erksson, London. 

5. fhe Rocket by .Stephenson, Newcastle. 

Of these five engines the first two were disqualified, and of the others the Rocket 
alone lulfilled the conditions of the trial. 

'fhe boiler of the Rocket was of the tubular type first introduced by S^guin, having 
a large number of smoke tubes running horizontally between the fire box and the 
chimney and traversing the water space. By the use of these tubes a greatly increased 
surface was |)resented to the action of the hot furnace gases, and the production of steam 
correspondingly increased. 'fwenty-fivc tubc:s were provided, each of 3 in. diameter, 
fhe boiler proper consisted of a built-up iron cylinder 40 in. in diameter and 6 ft. 
long, with a total heating surface of no sq. ft. At the one end of the boiler was 
placed the smoke funnel, and at the other end a rectangular chamber provided with 
grate bars at the bottom for the fire. In locomotives of the present day this arrange- 
ment of fire box is still adhered to, so far, that is to say, as the general idea is concerned. 
Around the fire box a water space was formed communicating with the boiler by means 
of two external tubes filled with water. No water space was provided over the top 
ol the fire box; but considering the low working pressure of 50 lb. and the small tem- 
perature ol the fire this was not essential. I'o preserve the inner surface of the fire-box 
plates a fire-brick lining was employed covering the front and sides for some distance 
above the fire grate, 'fhe cylinders were placed one on each side of the boiler and 
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inclined downwards, with the piston crossheads guided by slides and the connectino 
rods coupled to crank pins on the driving wheels themselves. Steam was distributed 
to the cylinders by separate eccentrics, one for each cylind(.‘r. The eccentric rods were 
made to engage pins on the slide-valve rod, so that the engine driver by disengaging 
the eccentric and placing it again in gear at the proper moment could revaase the motion 
of the engine. This primitive gab arrangement was replaced in later engines by 
Stephenson’s fork gear, and still later by the Howe, or as it is called Stephenson link 
motion. All four wheels were of wood strapped with iron and provided with iron 
tyres. The main driving wheels were 4 ft. 8^ in. in diameter, and the two carrying 
wheels each 3 ft. 4 in. Engine and tender together weighed 7J- tons, the engine 
being 4^ tons and the tender 3^ tons. With coke as the fuel 0.17 lb. of the combustible 
were required to evaporate i lb. of water, and with this consumption a spied of 
25 to 30 miles per hour was attained when drawing a train of coaches and 30 
passengers. When drawing 13 tons of merchandise a speed of 28 miles an hour was 
attained. I'his competition and the remarkable success of the Rocket sigtled all doubts 
as to the great advantages obtainable from the use of rails, and also settled the general 
lines ujjon which the locomotive would require to be developed if the rapidly growing 
demands were to be met successfully. None of the other competing engines was able 
to fulfil in all re.spects the requirements. One developed a serious boiler defect and 
was compelled to withdraw from the contest. Another succeeded in attaining a 
speed of 15 miles an hour, but failed to cover the .specified distance. The Rocket 
alone sati.sfied all the tests and was accordingly awarded the prize. The ma.ximum 
speed was 29 miles an hour, a speed greatly in exce.ss of what was demanded by the 
railway engineers. On the 15th Sci)tembcr, 1830, the Manchester and Liverpool 
Railway was officially opened with a train of twenty-eight carriages and six hundred 
passengers, drawn by eight locomotives; and shortly afterwards six trains were running 
daily at a speed sometimes of 31 miles an hour. Stephenson’s Rocket, which ran 
regularly on the route for several years, is now in the historical collection at .South 
Kensington Museum. Great improvements were effected by .Stiqilienson, particularly in 
the application of the Howe link gear for controlling the distribution of the steam to 
the cylinders. By 1842 he had increased the size of the locomotive boilers very 
considerably, and also the weight of the engine in order to get greater adhesion upon 
the rails. Three axles were adopted, instead of two as in the Rocket, and the driving- 
wheel diameter was also made greater. With the increase in the weight ot the engines 
and trains it was found necessary to increase to a corresponding extent the strength 
of the rails used. The first rails weighed about 23 lb. per lini.ar yard. Ihis was 
soon increased to 50 lb. and upwards. At the present day, to meet the requirements 
of high speeds and heavy trains, rails weighing u[)wards of too lb. are commonly 
employed. Another stage in the development of the locomotive is marked by Cramp - 
ton’s locomotive, named after its designer. It was put into actual .service in 1847, 
and at once surpassed all previous speed records. As may be seen from the illustration 
of the engine, in fig. 152, the driving wheels were of the unusual size of 5 ft. diameter, 
and were placed at the extreme end of the engine in order to clear the fire box, 
and to bring the centre of gravity of the engine as low as possible. If the axle of 
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the clrivinjj wheels had been placed farther forward instead of beyond the fire box, 
the boiler would have required to be placed at a considerable height in order to clear 
the axle and the gear. Crampton’s engine, though capable of running at a high speed 
with light trains, was much too light for the heavier requirements of the goods traffic. 
It was found necessary to increase the tractive power by increa.sing the weight of 
the engine, and to couple together two or three s(.‘ts of wheels by means of connecting 
rods coupled to crank pins on the wheels in order to obtain the necessary adhesion 
on the rails. Gnrat improvcmients were made in the manufacture of the wheels, not 
only in their design but also in the greater mechanical accuracy of construction, 
l-'very improvement in these early days of engineering progress involved the devising 
of new mcthfuls of construction and suitable machinery, for the skill of the engineer 
was not suflicieiuly dev(;loped to undertake all that was required of it. 



In 1851 a new railway was commenced through the mountainous Semmering 
district in .Austria to the south of Vienna. On .some parts of the route the gradients 
were of the hitherto unheard-of steepness of i in 30. In order to obtain a suitable 
type of locomotive tin; directors, as in the case of the Stockton and Darlington Railway, 
offered a prize of 2400 ducats for the best engine. The succe.ssful engine was one 
called the Bavaria, which had all its wheels, not only those of the engine but also 
those of the tender, coupled together by means of endless link chains. In this way the 
necessary adhesion on the rails was provided, especially as the engine weight was 
unusually great. Satisfactory results were not obtained in actual .service owing to the 
frequent breaking of the chains connecting the driving axles. Engerth dispensed with 
the chains, substituting toothed wheels on the several axles, in gear with one another. 
This arrangement also was abandoned after several trials. To overcome the difficulty 
experienced by the previous competitors of running their long, comparatively rigid 
engines round sharp curves, Fairlie designed an engine in which two boilers, placed 
end to end with the fire box between, were used. The front part of the engine was 
carried upon a bogie, the central pivot of the bogie being placed under the middle of 
the boiler. A similar bogie arrangement was u.sed under the other boiler, and in this 
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way provision was made for some relative motion between the boiler and the engine 
frame, so that curves could be more readily passed. Upon each bogie two cylinders 
with all the necessary gear were fitted, so that the locomotive in reality consisted of 
two placed end to end with the boilers in one rigid piece. Though h'airlie’s engine 
effectually surmounted all the previous difficulties at sharp curves, it was at the expense 
of much complication, especially in the arrangement of the steam pipes between the 
boiler an * the cylinders, which were provided with spherical joints and .sliding pieces 
to give the necessary flexibility. A very similar engine, the Petict, was built by the 
Company du Nord. It comprised essentially two engines and two boilers, each engine 
having two cylinders and three driving axles. A joint was provided between the 
frames to allow them to move as required when rounding curves. At the present 
time this arrangement is no longer used, excepting in special cases where the route; 
has sharp curves and heavy gradients, and the locomotive requires to be exceptionally 
powerful, as for mountain-railway work. An example of these articulated locomotives 
is illustrated in the plate facing page 164. 

In 1851 a new competition was announced, but the results were of but 
little actual value. From 1851 onwards many improvements were effected in the 
details of the locomotive. One of the most important of these was the Injector 
devised in 1856 by the French engineer Giffard for supplying feed water to the 
boiler. 

Only a very rapid survey of the history of the locomotive has been attempted, as 
the intention of this work is to deal more with the pre.sent than the past. 


CLASSIFICATION OF LOCOMOTIVES 

Until recently there was no general classification of locomotives into definite types. 
Each country distinguished its engines in diffenmt ways, either by a brief description of 
the arrangement of the essential parts, the cylinders, and the axles, or by giving the 
types more or less fanciful names, which conveyed no idea of the character of the; 
engine itself. In America, for example, this system of nom(;nclature .gave the well- 
known Atlantic or Chautauqua, Columbia, Prairie, Mogul, Consolidation, and numerous 
other types. 

The system of classification first used in America, and now in this country, is much 
more direct and self-explanatory. Its atloption in other countries is becoming more 
general, due ftossibly to the increasing similarity in locomotive d(;sign both at home and 
on the Continent. It is based upon the arrangement of the wheels, which are tlivided 
into three groups, comprising, first, the leadittg carrying wheels; second, the driving 
wheels; and third, the rear or trailing wheels at the fire-box end of the (;ngine. Each 
of these groups is distinguished by a number, which indicates the number of wheels in 
the group, and the three numbers together in their correct sequence give complete 
information regarding the number of driving wheels coupled together, the arrangement 
of the front wheels, and whether one axle is used or whether the forward end is 
carried upon a bogie. 

VOU i « 
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A list of the types in most general use is given on p. 131. In the first column 
the wheel arrangement is diagrammatically indicated. The second column gives the 
number of the wheels in each of the three groups, while the third column contains the 
American name under the old system. 

Each tyjie may again be subdivided in accordance with differences in the arrange- 
ment of <Hh(;r parts. The engine may, for example, have a separate tender or be of 
the tank type, or again it may have single-expansion cylinders or be compound: Such 
details do not in geiK.Tal characterize the engine so completely as does the wheel 
arrangement. Upon the Continent the system is not so completely carried out as in 
this country or America. Only two numerals are used, the first to represent the number 
of coupled axles, and the second to indicate the total number of both carrying and 



Fig. 153. —French Goods l-^ocoinolive, Orleans Railway 


driving axles. In the one .system an engine with four driving wheels and carried at 
the front end upon a four-wheeled bogie, but unsupported by any wheels at the fire- 
box end, would be indicated by the numerals 4-4-0. In the other system the numerals 
2-4 alone would be used, the 2 indicating the two coupled driving axles, and the 4 the 
total number of axles. This second arrangement gives no clue as to whether or not 
a bogie is used, and states nothing regarding the arrangement of the axles, beyond 
giving the total number and how many of them are coupled as drivers. For these 
reasons the Continental system is being gradually superseded by the American. 

From the length of the list, which includes oply the most typical arrangements, it 
will be evident that there is endless variety in the design of locomotives, even in this 
one feature of the arrangement of the wheel btise. Superintending engineers are com- 
pelled by the. sjjecial features of their lines and the nature of the traffic to build loco- 
motives that will best meet the requirements, and on any particular system it may be 
necessary to develop several types for the efficient working of different sections of the line 
and traffic. 'I'here is apparently a growing tendency on the part not only of individual 
railway companies, but also of the British, American, and the Continental companies, 
to arrive at types of greater uniformity, and to reduce as far as possible the number 
at present in service. On the Continent more attention is being paid to external 
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Diagram of Wheel Arrangement 

Notation. 

Description. 

nOo 

2-2-2. 

Six-wheel single driver. 

ooOo 

4-2-2. 

Leading bogie, single driver. 

qQO 

2-4-0. 

b'our-coupled. 

ooQQ 

2-4-2. 

4-4-0. 

Columbia tyjoe. 

American or Eight wheeler, four-coupled. 

(^o 

0-4-2. 

Six-wheeled, front-coupled. 

ooG^-Oo 

oQ-Qoo 

4-4-2. 

2-4-4. 

Atlantic, four-coupled drivers, leading bogie 
and two trailing wheels. 
Four-coupled trailing bogie. 


0-6 0. 

Six-coujded. 

o'QOG) 

2-6-0. 

Mogul. 


0-6-2. 

.Six-coupled radial trailer. 

■Q-Q-QQ-Q 

2-6-2. 

Prairie type. 

ooQOG) 

4-6-0. 

Ten- wheeled, six-coupled bogie. 

QOOoo 

0-6-4. 

Six-coupled trailing bogie. 

ooQQQo 

4-6-2. 

Pacific type. 

oGK^oo 

2-6-4. 

.Six-coupled trailing bogie. 


0-8-0. 

Plight-coupled. 

oQOOO 

2-8-0. 

Consolidation. 

oQQQQo 

2-8-2. 

Mikado or Calumet. 

ooQQQQ 

4- 8-0. 

Right-coupled leading bogie. 

ooQQQQo 

4 8-2. 

Dubs type. 

G>QQQQ 

o-io 0. 

Ten-coupled. 

OQOQQO 

2-10-0. 

Decapod. 

ooQQQQQ 

4-10 0. 

Mastodon. 

qQQQQQq 

2-10-2. 

Santa F6. 

GXP 

0-4 -4-0. 

Articulated locomotive. 

oQ-Q Q€)q 

2-4-4-2. 

Articulated locomotive. 

OOP GX^ 

0-6-6 0. 

Mallet and Fairlie types. 
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;il)|)( :inLiKv.‘ than has liithnrto been ,uiv(.*n, while in 
Walsrha rl valva* year has lielped to reduce in a 



liritain th(! frc'ciuent adoption of the 
marked deyree the very dissimilar 
outward appearance of locomo- 
tives ljuilt in these two countries. 
British railway engineers, in con- 
trast to those of other lands, still 
place great importance on the 
neat outward design of their loco- 
motives, and their example is 
being iiua'e gcmerally followed by 
foreign (engineers. A comparison 
of the following figures will illus- 
trate' the improvement that is 
taking place. Fig. 153 is a 
goods locomotive in service oti 
the French Orleans railway, and 
fig. 154 is a passenger locomotive 
of the CJhemin de fer du Nord. 

^55 ^hows a shunting loco- 
motive of British design built by 
Messrs. liarclay & Co. of Kil- 
marnock, and tig. 156 illustrates 
a goods engine recently produced 
by Messrs. Borsig of Berlin for 
the Anatolian Railway Company. 
In its design considerable atten- 
tion has a[)[)arcntly been paid to 
outward neatness. 

In determining the type of 
locomotive best suited to any 
[)articular railway, the conditions 
of the service must all be carefully 
considered. A locomotive built 
for service in Amc^rica, and well 
suited to the conditions existing 
there, would not probably run 
well on a British railway. In 
America the coal is frequently of 
inferior heating power to the coal 


used here, necessitating a larger 
grate and lire box, more boiU'r heating surface, and other s[)ecial arrangements. This 
is particularly the case when, as often haj)pens, wood is the only obtainable fuel. 

On most railway systems the traffic may be roughly divid(*d into two classes — goods 
and passenger. b'or the former, heavy engines capable of drawing very heavy train loads 






Fiij. 156. Goods Kii^jine constructed by Messrs. Uorsit: of IVrlin for ibe Anatoli.in Railways 


as much as 2000 tons, h'or passenger traffic, on the other hand, the first essential 
is speed, although often the loads are by no means small, as in the case of the 
principal c.'cpress trains running between London and the North. Another cheapei 
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and smaller ty{)e (jf locomotive is best suited to local passenger traffic, where stops 
are frcr(|uent and the ninniug not so continuous. It will be evident from what has 
b(*(‘n said that the nature of the traffic is one of the principal factors in the choice of 

the most suitable typ(.^ for any particular road. 

Although th(! tendency is towards the reduction of existing types, there is still 
too great a variety to make a general classification possible, particularly when account 
is taken of mechanical details. It is not possible, therefore, to do more than give 
a very geiKtral classification, as lollow^s: — 

1. IL^avy goods. 

2. Heavy express [)assengcr. 

3. Mixed traffic, light goods or passenger. 

4. Narrow gauge and contractors’ engines. 


'fhese, again, might Ik! subdivided into other classes. The tender might be separate 
from the engine, or carri(‘d on the .same frame as in the case of tank engines, or again, 
the ex|)ansion of tlu* steam might be on the compound principle or on the single; 
but so far as th(‘ pr(‘sc‘nt work is concerned, the above simple classification, which is 
based mcjn* on the wheel arningement than on the mechanical considerations, will 
.satisfy the re(iuir(*ments. 

Heavy goods engines are refiuired to exert the greatest possible tractive force, 
but do not need to run at any but comparatively low speeds. Considering the restric- 
tions impo.sed on dc'sigiuirs of locomotives, it is not practicable to provide more than 
a certain power, so that increase of tractive force can only be obtained by some sacrifice 
of s[)e(.*d. lMigin(\s of this class have a characteristically heavy and massive appearance, 
owing to the weight ix'cjuired to give sufficient adhesion on the rails. For the same 
n-ason tlie driving [)ower is distributed over several or all of the wheels by means of 
connecting rods, or, in the^ case oi compound or multiple cylinder engines, by directly 
driving several of the whe(‘l axles. 

big. 157 illustrates diagrammatically the arrangement of one driving wheel and the 
forces acting upon it. As the journal of the wheel is the part carried by the engine 
frame, to which th(‘ load is coupled, the tractive force may be considered as acting 
at the level of th(‘ axle. 

If I ^ be th(^ tractive force, 

R the radius of th(! wlucl, 
r the length of the crank, 

and O the total mean driving force exerted by the pistons, then 
the tractive cou[)lc P R = the driving couple Qr, 

a.ul P = 


that is, the iraotivc ioict* i' may r< increased by increasing the driving force Q, or the 
crank length /, or by decreasing the diameter of the wheel. Other considerations limit 
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the values of Q and r, so that to obtain the rc(|uired pull, the wheel diameter must be 
decreased. To increase Q it would be necessary to increase the boiler pressure, but 
this cannot be raised much beyond 200 to 228 lb., especially consideriue; the present 
large boiler diameters. In locomotive practice, boiler pressures vary in the case of 
large engines from 150 to 200 lb., though pressures up tf) 228 lb. are in use, (^specially 
on the Continent. If the area of the piston were increased the value of Q would be 
correspondingly raised, and at the .same time the volume of steam per stroke. This 
would, however, involve an increase of the boiler capacity, which alrt.-ady has almost 
reached the limits imposed by the loading gauge. By increasing tin; crank arm r the 
value of P may be raised, but here again there are certain practical limits, for since 
the piston stroke is determined by the length r of the crank, the piston speed for a 
certain train speed would be correspondingly increased. In ordinary engine practice, 
piston speeds of 500 ft. per minute are considered quite sufficient, but in the locomotive, 
piston speeds of double this amount are common. In this direction there is not much 
room for further advance, and the remain- 
ing solution of the problem, the decrease 
of the driving wheel diameter R, is the 
one generally adopted. Comparison of the 
heavy goods engine (fig. 156) and the ex- 
press passenger engine (fig. 154) will make 
clear the difference in the driving-wheel 
diameters. From the above it will be 
evident that the determining factor in the 
development of the locomotive is ultimately 
the boiler. At the present time the boiler is of sufficient capacity to meet,' when forced, 
even the heaviest demands, but if the demands grow as ra[)idly as in th(^ [)ast, the 
provision of sufficient .steaming power in one engine will be a most difficult j)r()blem. 

The actual load that the engine can draw is determined by the adhesion between 
the driving wheels and the rails. When the load is increased a point is reached at 
which the wheels fitil to grip, and rotate idly. Under these conditions the loatl etjuals, 
or rather just exceeds, the force tlue to friction between the wheels and rails — that 
is, the tractive force P = the prc.ssure W on the rails, multiplied by the coefficient 
of friction for the two materials of which the tyres and rails are made. If /x represents 
the coefficient of friction, then P = mW, which shows that to increase the tr;u:tivc; 
force the adhesion weight W must be increased by concentrating more of the weight 
over the driving wheels. It should be noted that the value of ju will vary according 
to the weather conditions. With dry rails the adhesion will be greatest, and /x will 
have a value of about 0.3, while with oily rails, or under the still worse conditions 
of frost, the value of /x may fall as low as o.i. 

In practice, locomotive designers hesitate about placing on any one axle a 
greater load than 19 tons, as heavier loads rapidly destroy the track. .Single-driver 
engines, which until quite recently were greatly favoured in this country, oft(;n had to 
carry this extreme load, but in the case of coupled drivers the main axle loads do not 
exceed 8 to 9 tons. Instead of attempting to concentrate the greatest possible weight 
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upon f)nf,* driving axle, as in the case of single drivers, the universal present-day practice 
is to distribute the weight over several axles, the number depending on the adhesion 
requiretl, and to couple these wheels together so that each takes a portion of the drive. 
As the load is incnsised the number of driving axles and coupled wheels must also 
be increased, to obtain the necessary adhesion with a reasonable distribution of the 
weight. Iti Aimeica, where the train loads are much in excess of those possible in 
this country, the coupled engine has been carried to a state of high development, and 
engines with ten-coupled wheels are in common use for the heavier classes of traffic. 
Until recently the single-driver locomotive was the type universally favoured by British 
engineers, although on the Continent and in America it never obtained any practical hold. 
On s(rv(!ral of the larger railways the type was tried, but never adopted, on account 
largely of differences in the traffic conditions; and now in this country also the train 
loads have increased beyond the power of the single-driver locomotive, in which not 
more than 19 tons adhesive weight is available on the driving axle. A common wheel 
diameter for the single-driver type of locomotive is about 93 in,, but this has been 
exc(-eded in the case of the (ireat Northern Railway engines designed by Mr. P. Stirling, 
in which a driving-wheel diameter of 97 in. is adopted with a view to attaining high 
speeds. 'This may be taken as the higher limit of wheel diameter. In the case of express 
four-cou[iled (aigines the wheel diameter varies from 78 to 82 in., according to the 
requireiiKmls and to the design of the engine. As the boiler cannot be raised above 
a ccTtain height, fixed by the loading gauge, the size of the wheels is really determined 
by the boiler diameter and by the fact that the wheel axle must pass under it with 
sufficient cliMrance, when inside cylinders are used, for the cranks and valve motions. 
Cioods engines of the six-coupled type have, in general, wheel diameters of about 
60 in., and in the case of eight-coupled engines 54 in., depending always upon the 
kind of engine ;ind the nature of the working conditions to be satisfied. The present 
lowi'f limit of wheel diameter may be taken as 57 in., as in the heavy Decapod type 
of American goods engine, with the exception, perhap.s, of certain of the articulated 
locomotives. 

Having di'termined the proportions of the speed and the tractive force, the next 
important point is the question of smooth running, especially round curves. The 
ilistance between the extreme axles is called the, wheel base, and the distance over 
the axles that are coupled together is the rigid base. To ensure smoothness of 
running it is neces.sary that this rigid base should be reduced as far as the 
conditions permit, and that some provision .should be made for a certain amount of 
play between the engine frame and the- leading and trailing wheels, that is, the.,.wheels 
lielore and behind the coupled drivers. There are several ways of providing this 
Ilexibility, one or more of which may be adopted, but frequently in the case 
of other than expix^ss engines there is sufficient space between the wheel flanges 
and the rails to permit of the required side play. Fig. 158 shows a pair of carrying 
wheels on rails of the standard gauge, 4 ft. 8^ in. With a rigid wheel base of 16 ft, 
on a curve ol 8 chains (almut 530 ft.) the required side play would be | in., which is 
well within that providctl as indicated in the figure. In certain classes of slow-running 
engines no further provision is made, but in the case of passenger and express 
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locomotives the wear due to friction and the unsteadiness when running* round the 
curve would be excessive unless additional flexibility of wheel base wc^re provided. 

To completely meet the rccjuirements of smooth 
running round curves, the axles should have a certain 
side play and also a radial freculom, so that they may 
direct themselves towards the centre of the curve. At 
least the former should be allowed for, and both in the 
case of fast- traffic engines. Side play is sometimes 
allowed for by giving the axle boxes some freedom in 
the hornblocks. The wheels then move relatively to 
the frame by the necessary amount when passing over 
the curve. 

The second method is the radial-axle system, which ^ 

is carried out in a number of ways, and in most of these 

the axle boxes are so guided that they may move both radially and transversely. The 
third arrangement is the truck or bogie, which is almost generally adopted in the case 
of fast and heavy locomotives. 

RADIAL AXLES 

Webb’s Radial Axle Box. — Mr. Webb devised the arrangement shown in 
figs. 159 and 160 for the engines of the London and North-West(*rn Railway Company. 
It is fitted to the leading single axles of the (express locomotives, and to both the leading 
and trailing axles of tank (aigincs. Across ihr. frames is fixed a pair of curved 
guides separated in the centre by a spring box, which serves also as a distance pieccx 
The guides constrain the cast-iron axle box to move in a curved [xilh about some 
point within the rigid wheel base, which 
may readily be determined according to 


Kig. 159 I'ig. 160 

the position of the axle and the nature of the curves to be travers(xl. In the illus- 
tration the axle is shown partly removed to expose the spiral springs, which control the 
motion and limit it to about ij. in. on either side. On the underside of the axle-box 
castings, projections are formed which engage with the ends of the springs. This is 

indicated in the sectional end elevation (fig. 160), which shows the axle situaU'd above 
YOU i 19 
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thci'i- liciii”' one s|) 


the sprlii-. 'I liis ( l. vaiiun als.i illiiM r.atL's ihn nx-lhod of carrying the \vei,q:ht transmitted 
tliroii'.tli the lii-.ii intt •'jirinita to the axle hoxes. ( )n tlie upper tact's of the boxes are 
inaihiii< (l (li.Miix l-. (iirvial to tile same radius as tiu; axle-box ^iiidt's, and in the groove 
arc lltird slidiiip platrs upon wliicli Ixar the pins of the Iteariug springs, hrequently 
the ( li.iiiiiels ai'e iiiai limed eai h w ith a slight upward inclination, .so that the weight on 
the boxes tends to bring theiii liaik into the mid |fo.sitiou aftta' each displticement. 

Worsdell’s Radial 

r ' 'iHljlllBli''' Axle Box. --•Xw'o lami- 

' ':.l ~ natetl springs arc u.scd in 

T f' / the Worsdell arrangement 

*ri| instead of the two spiral 

' ^ .s[)rings iiscrd by Mr. Webb, 

'I II — ^ but otherwise there is little 

I ii . (lirference in the essentials 

, M systems. Ih'o- 

jections from the lower por- 

IS li'JlilMr tions of the axle boxes bear 

1 1;; jni. k 1*1.111 as before against the buckles 

of the laminaUxl .springs, 

there being one spring to e.ieli axl(! box. 'The Worsdell radial box is largely us(xl 
(HI the (ire.ii basiern and the North hhist(.*rn Railways. 

The Pony Truck. hOr single a\l(‘s the pony-lnuk arrangc:ment is very 
rie(|iienily adojiud. It ('onsisis of a triangular framework pivot(‘d at th(^ ap(!X in the 
(’eiiire line (if ihe engine. ( )ne side ol the triangular frame is form(‘d by a casting 
whii li acts as a guide tor the axle bi)\(‘s, wliile ih(t otlu*r two sid(!s art.! the ties which 

ser\’e as ratlins bars. d'lu! wholt! fram(!Work 

^ , with the wheels and axle is thus free to move 

' ' about tlu! pivot relativ(‘ly to the engine frame, 

..|d) L_|j within, of I'oiirst*, tht! limits of the checking 

! j I springs. ( )ii tiu* up|)(*r sidt* of the transverse 

!' i ,1 liamt* and above tin* axlt! boxtxs are machined 

^ siirlat'es upon w'hirh the hearing spring pins 
I ‘ f I work in a curve around the pivot. Across the 

^ I i engine trame. are lix(‘d two stay.s — one towards 

^ I ^ lh(‘ middit' ol tile engine to carry the pivot 

' ' ‘ ' ' ' pin^ and tlu! other alongside the axle casting 

to can\ th(* controlling springs and check.s. 

1 he a i‘i a iigeineiii ol ili(“ parts as .ip|)h(‘d t*) one* of the (ireat Northern R,ailwav engines, 
desigiu'd b\ Mr. II. A. I\att, is shown in figs, ibi and 162. In the Bis.sell truck, 

wliuh is laigely useil in Aineiica lor singU' axles, the weight is transmitted to the 
axle e,isiir,'» by me. ills o| an e<|nalizing beam, c^ne end e)l wh.irh is fulcrumed on a 

"^ns|)endmg link hung li'om tlie eiignu* Iranie, while the otlu^r bears over the axle. 

♦At some siiii.d)le inte'iineuiate pomi is ap[)lic‘d the weight to be carried. 


whii h acts a^ 


4 
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BOGIE TRUCKS 

When greater flexibility combined with a siiiial)lc distribution of iIk* a\l(' w(“iglus 
is required, the. bogies arrangement is ad()j)t(‘d, iml(‘ss in vrvy special cases, when oiU‘ bogie 
alone is used, either leading or trailing, according to tli(_‘ disposition of the driving wheels. 
Tank engines having a considt'rablc! wheel base are frc([iuntly fitted with both le.iding 
and trailing bogies, the latter being re(|uired to carry the wcigltt ol tin* coinbimal 
tender. A bogie nut only gives increased Ilexibility, but also allows (»f the weight 
being distributed more uniformly ov(*r the rails, and for this reason aloiu* its atluplion 
is often essential. As already stated, a greater load than 10 tons on any om* axle is 
not desirable, owing to the' nature of th(' pc^rmanent way, and in many cas(‘s this w(»uld 
be exceeded at the forward end of the cngiiui if a single axle wa n' used. 15) nuains 




of the bogie the weight is thrown more gradually upon lh(‘ rails, with as a re^,ult 

increased smoothness of running and less general wear. 

A typical design of leading l)0gic^ is illtisirated in the figuia's it):^ and to.j, but 

innumerable othca* arrangements leased on th(^ saiiK* principles aia* in common use. 1 he 
two axles are carried by a pair of small side frames fitted with ordinary hornl )loc'ks, 
in which the axUi boxes slic.lc! with some vertical l>lay. In the* middle the frames are 
bound together by a largti casting planed across the uppc'r face, whic h sc'rves as a sc'ating 
for the sliding saddle piece and pivot, d'he cross slide, which is allowed some |>lay 
sideways in the main casting, is also machined on its iippctr face, and boicd out to take* 
the turned boss which serves as the bogic! pivot pin or trunnion. I he* bogie, therefore, 
pivots about the trunnion and at tlui same* time.* is able to move sidew,i\s on the 
cross slide. Cradle? lH*ams, shown iti the figure, transf(*r the weight from the side 
frames to the W’heels. At tlie ends llic-y n*st u[)on the tops of the? axle* bo.\c*s, and 
in the middle on b(*aring s[)rings, which in turn are suspended from the .side 
frames. Side motion of the bogie? is controllei.l by siiital)ly plaec'd springs. In the: 

bogie illiistrat(?d, laminated side? springs are? iise.-d, but the? arrangememl varies in the? 
different types. A centre pin, working loo.se-ly in a slotteid hole, is also provided 

to prevent the cross slide? and the* pivot [)in from rising off the ir seatings if the? 
bogie at any time jumps. As the weight carried hy the .slide is considerable? and the 
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movement is continuous, an efficient system of lubrication is essential, and the oil 
i^rouves on all the workinj^ fac(*s should be of ample si/e. 

American bf)L;ics are frequently made as shown in fig. 165, with suspending 
links in [)lace of the cross slide. As before, the pivot attached to the engine body 



works in a l)ored rec(*ss in 
the easting, which is sus- 
pended by links from Irans- 
vc'rse beams attached to the 
side frames. Owing to the 
inclination of the sus|)(md- 
ing links, side controlling 
>.prit)gs may be disp(ais(fd 
with, thc^ W(*ight on the ^ e'5' - Ammi-nn Su.speiuiinjT-Link IJoRio 

block being sufficient to 

prevent oscillation, and by increasing the inclination any desired control may be 
obtained. In many of the bogies devised by Continental builders the pivot pin is 
made spherical instead of parallel, and is suspended by links as described. 



MAIN FRAMES 


In th(^ early days of locomotive engineering, the boiler was made to serve 
as the foundation upc^n whicli all the parts were carried, but the loads to be drawn 
were not great. As the size of the locomotive increased it was realized that means 
had to hv adopt(‘d to proK.ct the boiler from stresses, and accordingly a strong and 
rigid fram(‘W()rk was provided to carry the boiler, engine, and wheels. All stresses 
othei than those due to boiler expansion were thus confined to the frame and prevented 
liom straining the boiler shell, which was attached at the front end only. From 
fig. 166, which shows in plan the arrangement of the parts, it will be seen that the 
sitle frames are connected rigidly at the trailing end by a heavy steel foot-plate casting, 
and at the k‘admg end by the cylinder casting to which the smoke box is attached. 
At intermediate [)oints the frames are bound together by cross stays consisting of 
steel [)lates set on end, and at the extremes by the buffer plates. At suitable points 
the side frames arc cut away to take the hornblocks, in which the axle boxes have 


some 

fitted 


v(‘riical freedom and to a slight extent some side 
to lake up slackness that may result from wear. 


play, and wedges are generally 
In the case illustrated in the 





MRK-Box arrangp:ment 
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figure the interval between the driving wheels is madc^ siiHiciently great to eU^ar iIk; 
fire box, which Is shown occupying the. whole breadtli between the IVaines lait not 
touching them. A more common arrangement is to {dac(i the driving axles in front of 
the fire box, and behind it to place a trailing carrying axle, or a bogie if the engine is 
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nf the: tiink type. I'hc side; frames may be inside the wheels or outside, or both inside 
and outside framets may be used together, as in the figure. British and Continental 
engineers make the side frames of continuf)us steel plates about t ^ in. thick, but American 
<*nj^ine;ers more freejuenlly use a built-up arranj^ement of wrought bars and stays, as in 
li;4. i6S, esi)ecially for their lon;^, heavy, freight engines. 

Inside frames an; g(;n(;rally ailopted when the arrangement and size of the 
(;ylmders and of the hre bo.x permit, but with a distance of only about 5^ i^* between 
the frames the space available for two I S-in. -diameter cylinders with the valve chest 



1'ij.j. — AnuTie.iij Side IT.une 


l)(*tvv(.*(;n iIkmii is not more iIkui siil'liciinit. There is the same difficulty in arranging 
heiween llie cranks the four eccentrics r(‘(iuir(!(l for the two Stephenson link motions, 
and the width of the firi! box is also restricted. Outside cylinders driving directly on 
to crank pins on the driving wht^els are fre(]uently adopted with inside frames, thus 
disp(.‘nsing widi th(^ cranked axle and allowing the boiler centre to be lowered, as the 
valve motion is then (|iiile clear of the boiler. In four-cylinder compound engines the 
Inside arrangement of the* frames Is a v(?ry suitable on(\ since two of the cylinders may 
b(‘ plac(‘d between \hr. fraiiK^s and made to drive a cranked axle, wdiile the remaining 
two placed on the outsides of the frames drive the wheels directly, h'igs. i66, 167, and 



169 show the jdan and (T'vations of a .three-cylinder compound engine in which the 
30- in. -diameter low-pr(*ssure cylinder is [)laced between the frames and drives the crank 
of the l(‘ading driving a.xle, while the high -pres.su re cylinders arc bolted to the outsides 
of the lranu‘s and drive directly the wheels of the trailing driving axle. A single 
eccentric radial valve g(!ar controls the low-pressure cylinder steam distribution, and 
separate gt‘ars, shown in fig. T69, are provided for each of the high-pressure cylinders. 

1 he [)lam iig. 166, shows also the double frames u.scd between the forward cylinders 
and the transverse stays* at tiie lu*/ box to give a short distance between the main 
beaiings ol the crank axle. With such an arrangement of cylinders driving separate 



BOILERS 


H3 


axles, It IS necessary to combine the drivin<^ efforts by couplim^ the wheels toijcther, as 
illustrated. The single leading carrying axle is of the radial type already described. 

Outside frames give more space for the fire box and for the inside cylinders and 
valve motions, but it does not permit of the wheels being driven directly when the 



axles are borne outside the whc^els. It is necessary also to use n^turn cranks for the 
coupling rods of the driving whec^Is. At the present time, locomolives with outside 
frames arc never built, but one type us(!d on the Bc'lgiuni State Railways is illustrated 
in fig. 170. It has three-coupled driving axles with return cranks for the coupling rods. 


BOILERS 

For comparatively low powers the d(\sign of the boiler does not involve any great 
difficulty, but, owing to the limits imposed by the loading gauge, thc! case is very different 
when the power to be developed is great. Many of the prescait-day locomotives hav(^ 
already reached the limits of overall height, and further development must tak(^ placc! 
in other directions. In America, and certain {)arts of the Continent wh(?re the restrictions 
are not so severe, the adoption of large-diameter cylinders, with a ronst‘(juentIy high 
power, is possible, as boilers of sufficiently large dimensions can be ja'ovided; but in 
this country, locomotive engineers must be satisfied with engines of less caj)acity. It 
has already been explained that the power developed in a steam cylinder is f)roportional 
to the quantity of steam consumed in a definite time and to the pressure. I'here are 
thus two ways of providing the required power, namely, by increasing 

(1) The Pressure; 

(2) The Cylinder Volume. 

% 

Boiler pressures of from 150 to 180 lb. per square inch arc more favoured by Briti.sh 
engineers than the higher pressures of 200 and 225 lb. 'I'hese high pressures have 
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Im'cii adopted for certain of the Great Western and North-Eastern Companies’ engines, 
hut never so oen(;ra!ly as on the Continent or in America. At pressures over 200 lb. 
there is experienced consideral.Ic! trouble in keeping the slays and rivets tight, particularly 
around the. large; Hat surface of the; fire box. A low pressure of about 1 50 lb. is less 
severe on tin; structure of the boiler, and ensures a low maintenance charge. A high 
pressun;. of 2a;) lb. or more i)er s(juare inch increases, on the other hand, the wear and 
tear, owing to the increase of both the [)ressure and the temperature. Notwithstanding 
the increased e.xp<.nse of upkeep which the high pressur(!s involve, their adoption is 
frexpiently necess.'iry in order to obtain the. power without unduly increasing the capacity 
f)f the boiler itself, although the practice is not so general in this country as abroad. 

An increase; of the; cylinder volume means an increase of the piston area, since 
the stroke; is limited by such considerations as the limit of piston speed and the diameter 
of the; driving wheels. (Cylinder diamel<;rs of 18 to 19 in. for single expansion engines 
with strokes of 26 in. are most generally favoured for home railways, but locomotives 
for foreign service are frequently built with simple cylinders of 21 to 23 in. To supply 
sufliclent hlgh-|)ressur(; steam for two such large-diameter cylinders a boiler is required 
of larger dimensions ih.in can be obtained under the limit of the existing British loading 

g:uigi;. 

In the example given above of a locomotive with two cylinders of 23 in. diameter, 
iIk; boiler for a |)r(;ssure of 200 Ib. should have a heating surface of as much as 
35(X^ sq. ft. British (‘iigineers have to be satisfied with about 2000 .sq. ft. of total 
he.'iting surface, although one of the large express engines designed by Mr. Worsdell 
for lh<‘ North- EasU.'rn Railway Company has a heating surface of 2400 .sq. ft. for two 
cylinders of 20 in. di.uneier ;ind 28 in. .stroke. It will now be evident that the total 
cylinder volume is limitetl by the boiler steaming capacity, and that the boiler is primarily 
the factor which determines the [)ovv(;r of the engine. No useful purpo.se would be 
s(‘rv(;d by providing large cyliiuU;rs unless the boiler were correspondingly increased, 
and, as has already been shown, this is not po.ssiblc beyond certain limits. The boiler 
should be sufficiently large to supply the cylinders with high-pressure steam under normal 
conditions of running, and .should have, if possible, a further reserve of about 20 per 
cent of the st(;aming power, as experience has shown that continuous forcing results 
in exc<;ssiv(; wear and increased cost of upkeep. Locomotive boilers require to work 
under more exacting comlitions than any others, either on land or .sea. Marine 
engines, or larger stationary land engiiK's, usu.illy work in conjunction with condensers, 
but in the case ol the locomotive it would be quite impossible to carry the necessary 
condenser and immps or to provide the cooling water. Expansion in the cylinder is 
therelore only c.irried to near the atmospheric pressure, and the remainder of the 
energy is jiartially utilized in the chimney in producing the required draught through 
the; fire tube.s. I'igs. 171 to 1S2 show sections of art expre.ss .passenger locomotive 
boih'r, and tlet.iils of certain parts of the structure. At the front end is ^ced the 
chimney and smoke box, and at the back the fire box. Between th(;sc is the barrel 
containing ihe groups of longitudinal fire tubes, through which the hot gases pass 
from the fire to th(' smoke box. On the top of the barrel in the highest po.sition is 
iiltached a steam dmne, from which the steam supply is drawn through the regulator. 
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FIRE BOX 

FIk.- imx r fire l)Ox is attached directly around tlie base to the outer box or shell 
by a foundation rin.o and at tin; lire hole by another rino, both rings being of the best 
Yorksliirc inni. CopiKU' is customarily used in this country for the inner fire-box plates, 
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wiili the ()iil(‘r sh(‘ll of mild stc'cl. AmcTican ongincer.s, on the other 

hand, favour tlu* all-st(‘cl construction, as, otherwise, differential expansion ^ 

hetween tlu: inside copper fire box and the outer steel slu;ll is a serious 

trouble that must b(‘ (arefully jirovided for. Both the lire grate and 

th(‘ ash pan have been omitltal in the illustrations for the sake of 182 

('leariK ss. d'he ash pan is provided with suitable air-supply dampers, 

('ontrollable from tlu*. foot plate by hand levers. Water and steam spaces arc formed 
.iroiind the sides and top of the inn(*r l)ox, and to prevent the large flat surfaces from 

colla[)sing under the high steam pressure, the inner 

! plates are tied to the outer by numerous stay bolts 

- s and ties (figs. 175, 176, 177, and 179). wSuilable tie 

bolts (fig. i7cS) arc^ also provided to relieve the pres- 
U sure on the boiler end plate. In the illustration two 

Fig. of th('s(' longitudinal tics are shown connected at one 

end to the end plat(!, and at the other to the first 
ring of th(‘ hoiK'r harrcl. (")\\ing to the continuous changes in the relative expansion 
of tlu* two 1 loxes, (*xc(‘ssive rigidity is to lie avoided by some flexible arrangement of 
tlu* slay rivots. In some cases tlu* shank of the rivet betwe^en the surfaces is necked 
down to givt' tlu^ rc(iuir(‘d flexibility, and in other cases slots are cut from the surface 
to tlu' centre'. Botli m(*thods are ilhisirate.d in the figs. 179 and 183. 

Above the fire box it is essential to have a large water space as free as possible 
Irom obstructions that might hinder the circulation of the W'ater over the plates 
most sevf'nly acl(‘d upi'!^. l.\ t!u f.iv. I^ffeciive staying of the flat crown plate is 
therefore more elilticiilt than in the case of the sides, and special methods must be 



FIRH-BOX TYPES 


147 


adopted to suit the particular design of the fire box, which may belong to one of 
three general classes: 

1. Cranipton. 

2. Belpaire. 

3. Wooten. 

In the Crampton type, the top of the outside fir(‘ box consists of a curved e\t(‘nsion 
of the cylindrical boiler shell, that is, the top of the l)o\ is continuous witli th(! barrel, 



although there are cases in which the top 
is higher than that of the boih'r. One 
continuous plat(', called the wrapiua*, usu- 
ally forms both the top and the sides, 
which are geiu‘rally pressed in suflicieiitly 
to clear the frames. 'Idiis arrang(‘ment 



gives a comparatively narrow grate with a considerable height abovci the bars. Direct 
rivet stays (figs. 184 and 185) are used to bind together the flat sides of the inner 
and outer boxes, but it is not practicable in the same way to stay the Hat top of th(* 
inner box to the curved crown of the ouUt, and some less direct means of support has 
to be provided. In the figures the cast-steel bearers adopted for th(.‘ purpose! an* shown. 
Several of these longitudinal bearers are arrangcal side by side (jver the fire box top 
with their ends resting upon the front and back [dates, and from them the roof is sup 
ported by screwed bolts. The bearers themselves are frc'cjLuauly susp(*nded at the 
middle by links attached to angle irons on the inside of the curved outer crown. 
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Belpaire Type. — Many locomotive boilers are now fitted with fire boxes of the 
Belpaire pattern, on account chiefly of the freer circulation and the more direct stayin<^ 
that are obtainable. From figs. 186, 187, 188, and 189 it will be seen that the box differs 


from those of the Crampton type in having a flat outer wrapper, not continuous with 
the barrel of the boiler, which permits of the inner box crown being directly stayed 
from the outer, and dispenses with the heavy and expensive bearers. A[)art from the* 
advantage of direct staying, the water and steam 


space is more ample, the circulation over the surface 
is freer, and there is less difficulty in removing 
accumulations of scale. On the other hand, the 
flexibility of the direct -stayed arrangement is not 
so good, and difficulty is often experienced through 
leakage at the tube plate caused by excessive 
rigidity at the crowns. To overcome the objection, 
the rows of bolts nearest the tube plate are some- 
times made of an articulated form that will permit 
of some relative expansion. Instead of the con- 
tinuous outer wrapper used in the Crampton system, 
the Belpaire box has generally a sejiarate crown 
plate, which makes repair a less expensive opera- 
tion. The sides of the box are then formed of 
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separate plates riveted to a front throat ring and 

to the back plate as before. Transverscj bolts bind the flat sides of the outer box 
together, as shown in the end view of the arrangement (fig. 1S7). 

Wooten Type. — On foreign railways, where the heating value of the fuel is not 
great, as, for example, when wood is burned on the grate, and in America, wli(.‘re the 
boilers required for the heavy freight traffic are of unusual size, it i.s neces.sary to 
provide a larger grate area than can be placed between the frames. In fire boxes of 
the Wooten type the grate is placed above and extending over the frames, as sh(3wn in 
fig. 172, with the ash pan occupying the space between them. As in the Helpain^ 
arrangement, the inner crown plate is directly stayed from th(! outer, with the rows of 
stays nearest the tube [)late articulated, as shown in figs. 174 and 175, to relieve the 
stresses resulting from relative expansions of the plates, and the sides are tied t()geth(.*r 
by rivet stays of copper, or sometimes of steel. In the illustration, fig. 172, only one 
fire door is shown. The great width of the grate in many cases necessitates, howevc^r, 
the provision of two doors to facilitate the work of the stoker. 
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THE BARREL 


'Die boiler barrel is built up of two or three rin^s of mikbsteel plates riveted 
tot^('lher eireuiiil(‘reiuially and loiv^itudiiially, and attached at the front end by means 
ot a shrunk on (laivjed rintv to th(^ tube ])late, and at the back to the flanged end 
plate, both end plates ar(‘ stayed by long tie bolts to the barrel ring plates, in addition 
to thi! tire tubes, which also help to l)ind the boiler together in the longitudinal direction. 
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As the hottest and most efficient part is immediat(*ly over the fire box, it 
is desirable to make the water and steam si)aces there as large as {)()ssible. With 
this in view, American engineers frequently make the first barrel ring of a conical 
shape, with the larger end at the fire box (fig. 189). This kind of boiler is known as 
the Wagon type. In this country the practice has been very largely adopted by the 
Great Western Railway Company, who are fitting it to all classes of thcar locomotives. 
It is called the coned or taper boiler, although essentially it is the same as the American 
Wagon type. 

FIRE TUBES 

In a well-designed boiler the steaming power is practically dc'tc'rminc'd by the total 
heating surface of the fire box and tubes [)rovid(Hl, wluai tlu; grate ar(‘a is of sufi'iciently 
ample dimensions to suit the quality of the fuel. A large heating 
surface does not, however, always mean a large power, because' the 
increase of surfitce may b(^ at the cost of other recpiirc'inents; for 
example, the heating surface of the tubes may be increast'd by re- 
ducing the diameter and increasing their number, but this, if carri(‘d 
too fi-ir, would seriously reduce th(^ water s[)ace and therel)y incrc'as(! 
the danger of the tubes becoming externally silted up, with a conse- vm. stuu.u ..( 
quent loss of evaporative efficiency. Increased surface' might also 
be obtained by lengthening the tubers, but, apart from mcx'hanical 
considerations, the valiK! of the added surface at th(! smoke* -box end bc'yond a certain 
point would not be considerable, owing to tlui low temperature of the* gas(.‘s th(‘re and 
to the general reduction of the draught. On thci Continent, fre([uent us(.‘ is mad(^ of St'rve 
tubes, in which the metal surface in contact with the gases is increased by means of internal 
longitudinal ribs; but notwithstanding the apparently favourable^ results that hav(? been 
obtained, the use of Serve tubes has not extended in this ct)untry. 'bhe boiler illustrated 
in fig. 186 is of French design, and is fitted with Serve tul)es of the section shown in 
fig. 190. Other attempts have been made to increase the heating surface by fitting 
water tubes at the plac(i where the gascis are hottest, that is, in the fir(i box itsc'lf. 
Probably the most successful arrangement is that devised by Mr. Drummond ior the 
London and South-Western Railway Company. It consists of short wate r tubes placed 
across the fire box between the water s[)aces at thu sides, with a slight inclination to 
improve the circulation. Although the system has not been adopual by the oth(‘r com 
panics, it has been well reported of by the London and .South-Western Railway Company. 
Continental locomotives arc som(*times provided with long water tubes arrangcnl to 
carry the brick baffle platens, but such devices are not favoured l)y l)ritish enginetTs. 
Brass and iron are the materials most generally used in this country for smoke tul)es, 
whereas in America steel is very frequently adopted, especially whtai mild steel is the 
material used throughout the boiler. To facilitate! the insertion of thc! tubes through the. 
smoke box, the end of the tube at the fire box is reduced in diameter, whik; the sm(d<(!- 
box end is increased. When the tubes are of copper they are (‘xpanded into the holes 
in the fire-box tube plate and beaded over, but at the smoke-box end they are merely 
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cxpandi-tl without bcadino over, in order to prevent excessive stresses through relative 
expansion of the parts, and, about ^ in. of the length is left protruding through the plate. 
When steel or iron tubes are used it is more difficult to make the junctions at the 
tube j)lates secure, unless the tubes are fitted with soft copper sleeves where they are 
expanded into the plates. 


SUPERHEATERS 

Within recent years the use of superheated steam has become more general, 
although, as in the case of the; compound locomotive, th(; system is by no means 
univ(;rsally aj)provcd in this country. In .general, the principle of the superheater 
consists in passing the steam through tubes arranged in the course of the gases, generally 
at the smoke-box eiul. To accommodate the superheater, the smoke box is in many 
casi-s extended into the boiler l)arrel by placing the tube plate farther back. Another 
arrangement consists, as in the .Schmidt superheater, in making the upper smoke tubes 
of large diameter, and in jdacing within them tubes through which the steam is circulated. 
On the Prussian .Slate railways certain of the locomotives are fitted with the Pielock 
superh(;ater, which is arranged over a section of the fire tubes themselves near the 
smoke box end. 'I'he steam is passed into the casing, and is caused to circulate, by 
means of liafile plates, up and down across the smoke tubes before passing to the 
cylinders. 

No definite; relationship between the grate area and the total heating surface can 
be specified, as this varies with the working conditions that are to be satisfied. In the 
case of high-grade express enginiis the ratio of grate area to total heating surface may 
vary as i to 75 or i to 65. One of the largest express engines of the Great Western 
Kailw.iy Company has, for <;xam[>le, a ratio of i to 75 with a grate area of 20.8 sq. ft., 
and a total heating surfaci; o( 1560 sq. ft., consisting of 1433 sq. ft. of tube area and 
1 27 s(j. ft. of fire-box area. 'I'hese dimensions are greatly exceeded in many of the 
large y\merican freight engines, which are provided with grate areas of as much as 
58 sq. ft. and total heating surfaces of 50CX) sq. ft. 


SMOKE BOX 

To a very considerabh; extent the steaming pow<‘r of the locomotive boiler depends 
upon the candul design and arrangement of the smoke box. Apart from its primary , 
use ;is a smoke chamber from which -the gases from the fire tubes pass away through 
the chimney, the smoke box serves several indirect purposes. It arrests sparks, and by 
providing space for the .accumulation of cinders prevents their discharge through the 
chimney into the air. It accommodates the blast pipe, and protects the steam piping, 
and to some extent the cylinders, from the cold air. It also gives ready access to the 
fire tubes for cleaning purposes. The front of the box is closed by an air-tight door, 
through which the accumulations of ashes may be removed and the tubes cleaned. Air- 
tightness at this point is essential, as a badly fitting dopr will seriously reduce the draught 
and con.se(juently the steaming power of the boiler. 
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Artificial means of inducing the draught must be resorted to, as it is quite 
impossible in the locomotive to obtain a sufficient height of chimney for the purpose 
of natural draught. The exhaust steam is accordingly allowed to escape through the 
restricted opening of the blast pipe, 'and thus by reducing the pressure in the smoke 
box to induce the necessary draught through the tubes. An orifice of small diameter 
produces a sharp fierce draught but increases the back pressure of the e.\haust steam 
in the cylinders. A large orifice, on the other hand, while reducing the back pressure, 
may not give the required draught. It is therefore necessary to make a compromise 
between the requirements, or to fit some arrangement whereby the orifice area 
may be varied to suit the running conditions. Device's of this de.scription are not 
favoured by British engineers owing to the complication of the gear that is generally 
involved. Importance also attaches to the position of the blast-{)ipe orifice '•elativcly to 
the tubes, as uniformity of the draught through all of them is difficult to obtain even 
with the use of baffle arrangements. It is only within recent years that the size of the 
smoke box has been increased to dimensions more in accordance with those of foreign 
locomotives. The box is extended either towards the front or in towards the barrel, 
the former arrangement being the one more generally adopted. With the extcncUxl 
box there is more .space for the accumulation of ashes, which otherwise tend to obstruct 
the draught, and, owing to the greater regularity of the vacuum, the steaming power 
of the boiler is improved. 


CYLINDER ARRANGEMENTS 


Simple locomotives are provided with two, three, or four cylinders, although the 
great majority have only two Articulated locomotives being practically doul)le-ended 
engines are not here consider^ 

Some reference has already Ijeen made to the arrangement of the cylinders either 
between or on the outsides of the frames. In the former case the pistons drive a cranked 
axle, while with outside cylinders the wheels themselves arc directly driven ami the 
main axle is continuous. Owing to the restricted width between the framers the s[)ace 
available for two cranks and two sets of eccentrics is very limited, and when the boiler 
is of large diameter or low pitched, there is the added difficulty of obtaining sufficient 
headroom for valve gears of the link type. These oljjections, and the suiieriority of the 
continuous axle over the cranked driving axle, make the adoption of outside cylind(;rs 
in many cases desirable, notwithstanding the appreciable losses resulting from tlie 
exposure of the cylinders to the air. Three-cylinder simple engines have been used 
on certain railways for extra heavy traffic, but tinle.ss the total cylinder volume is not 
thereby increa.sed, the boiler must be corre.spondingly enlarged to derive any advantage 
from the third cylinder. It should be noted that by reducing the cylinder diameter the 
forces are proportionately reduced, and the parts may be made lighter; l»ut the increase 
in the number of the cylinders involves additional gear and complication that may more 
than counterbalance the advantages. Several three-cylinder simjtlt; engines are used 
on the Berlin Metropolitan Railway for the heaviest sections of the traffic. 'I'w’o of 

Vofc I, 
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the ()Iin(K rs arc |)larf!cl outside* the framers and drive one i)air of wheels directly, while 
the thirel lie*s !)('twee*n the Iraines and works the crank ot the second drivinjj axle. 

Id)iira:) linde*r enL;ines offer certain adwantai^-es as regards steady running, in addition 
to tliose advantages already referred to in the cas(! of three cylinders. It is easier to 
lialaiuc tlie horizontal recijjrorating motions of four pistons, and thus to reduce the 
alternate sideways straining of the* frame. 'Iwo of th(*. cylinders arc arranged hetween 
the frames and two ontsid(‘, c*ach jiair driving a different axle, but this necessitates two 
exlr.i sets of valve gears. ])y placing the* cylindcn's all in oik* line, side by side, so as 
to drive one axle, the four valves can be operaUxl in pairs by two gears, but the advantage 
of distributing the driving forces (.)ver two axles is thereby lost. 

COMPOUND LOCOMOTIVES 

rontinental (uigineers have for many yt*ars made extemsive use of the compound 
Ioeomoti\'e, but it is only r(_*cently that the [iractice has advanced in Hritain, and at the 
present time the merits of the system arc seriously discounted by many, especially when 
expansion in stages is advocated for all kinds of fast or slow traffic. Marine engineers 
derive* the greatest advantage from compound working when the speed is not great 
and when the, jiower develope(l is uniform. This agre(xs with the exjierience of loco- 
motive engiiK'crs, who have, obtained th(i best results from compound locomotives when 
hauling heavy loads ov(*r long distances at comparatively slow’ speeds. These, conditions 
are more fre(|uently met with in America and on the Continent than in Britain, and this 
ma\ a('('ount for tlu* very differi*nt oi)inions that have; been form(*d regarding the value 
to be derived Irom th(‘ coni] )( )iinding of locomotives, although tin* uniavourable opinion 
hcM by British enginee rs may b(‘ the re.sult, to some extent, of [)rejudice. In Britain 
th(‘ system has Ixssi most (‘xtcmsivirly adopted l)y iIk^ London ?ind North-Western 
kailw.iy ('om|)any, wdio have in daily service a large number of express passenger 
(‘ugiiH's desigiu'd by Mr. Wel)l). d'he general (‘xperiencc with compound engines, as 
at present built, ap|)ears to Ik* that in the. majority of cases the. gain is not sufficiently 
ih'linitc* to warr.int iIk* added c()mj)lication, increas(Kl cost, and upkeep; although in 
some ('as('s tlu* conditions an* such as to make the working of the system economical. 

It is not [)ossibl(^ to describe* in detail all the arrangements e)f cylinders adopted 
by the* elitlere nt ele signers of compe)und engines. Two-cylinder compeiunds have been 
almost entirely discardeel, owing principally to the one-sided arrangement of two cylinders 
ol dillereiit eliam(*t(*rs. With thr(*(! cylinde^rs a more symmetrical arrangement is possible, 
the* high-pre ssure cylin(l(‘rs l)(‘ing earried on the outsides and th(! low pressure cylinder 
be twee n the iranu's. Many thrc'e-cylineUa* compounds w’cre designed by Mr. Webb for 
the London anel North-Western Railway Company, but the engines now built by them 
are* without (‘xieption fitte*el with four cylinele rs arranged side by side under the smoke 
box, and all driving one* axle*, higs. 156 and 157 illustrate, a three-cylinder arrangement 
in which the* low -pre.ssurc cylinder betwcKai the frames dri'^es the first cranked axle, 
while th(* high-pressure cyliiuU*rs carrie*d e)n the side frame's are placed sufficiently far 
back to drive the crank pins of the second pair of coupled driving wheels. Three 
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motions of a radial type aro providc^d for wnrkiivj^ the vahos, wliirli arc* arranncal on 

the undcir sides of the high-pre^ssun* cylindi‘rs and on the uppea* side of the low- 

pressure cylinder, d'lu! (ilehn four cylinder sysuan is sonic'whal similar to the above, 
but instead of one low-[)rc\ssure cylinder there arc* two placed between the* lramc;s. 
When the cylinders are arranged in one line*, side* b\ side*, it is possible* to combine* 
two of the motions so that the* four valvers ma) be* e:ontrolle*d b)' e)ne* [)air of gears, 
thus e^ffc'Xting a considerable* saving in the* number of moving parts and in the 

cost of running. IU\pe*rience has [)roved the value of providing means whe*reb)’ the* 

point of cut-off in the l(nv-pre‘ssure cylinde*rs may be* varied inde‘pe‘nelently of the* cut- 
off in the high-|)ressure cylinders. In ce*rtain causes of compound engiius not so fitteal, 
the results obtaine*d have not be‘e*n satisfactory until the gears liaNc* l.)een alte*re:d to 
give independent cejiitrol of the cut-offs. 

A com[)ound locomotive* is primarily inte*neleel to economi/(* coal, but the indire*ct 
advantages are of conside*rable importance. Sincet the steam is more eflie ie'ntly consumed, 
the demands upon the boilea* are not so serious as is the. case in the heavy-grade* single*- 
ex[)ansion emgines. An increase of efficiency does not, howev(*r, ne*c(‘ssaril\’ mean an 
increase! of the. powea* of the eiiigine as a whole, and it is sur])lus power that is most 
wanted on the! heavier |)arts of the* route. y\rrang(‘m(*nts are* ae'cordingly made* for 
admitting live stexim to the low^-pressure* cylinders whe*n starling or on li<*a\) gi-adicnts. 
The admission may be effeetcid automatically whi*n the lever is [.ilaced in the* forward 
starting position, or l)y hand, as reeiuired. d'he inU*re:e*pting vahe* provide‘d for ihe 
[)urpose! closes the! passage be*Lwe!e!n the high pressure! and the* low |)ressure‘ cylinders, 
o])ens a communication from the high-[)re.*ssure e*xhaust lo the chimne\, and admits 
live steam to heath high- and low-])re:ssure e:ylinders. In the A. von Porries’ automatic: 
int(!rcepting-valve system, the act of placing the: starting le.*ver in the forward |)osition 
admits ste*am at a slightly reduced pre*ssure through a small a[)erlure into the intencpl ing 
valve chamber, and b)' closing the valve [)re*vents the passag(* of the steam back into 
the receiver bet\ve*e!n the cylinders. 'I'hv. e*xhaust from the* high pre*ssure* ('ylind(*r is 
meanwhile entra[)ped in the? receiver behind the valve, and after a lew strokes the 
[)ressure risc!s sufficie*ntly to again opeai the inte!rc(‘pting valve*, and at the sanu* time to 
cut off the supj)ly of live ste‘am to the large! cylinde*r. The: high-pressun* exhaust then 
passes from the re*ce*iver to the: low - jiressure cylinder, and the engine* ciaitinue s to 
work on the compound jirinciple. 


VALVES AND VALVE GEARS 

P^ea* ordinary single-ex|)ansion locomotives using steam at pressure-s up to iSo lb., 
ordinary D-slide valves are gc'iierally use*el in |)ref(!renc(! to the* piston valves that would 
pre^bably be used for land or marine! e*ngine*s. 'I'lu! working conditions are* ve*ry dis- 
similar, and this accounts for the! diffe*r(*nce*s in practice. In the* loe'omejiive there* is 
greater difficulty in supplying dry steam to the cylinders, and under such conditions any 
accumulation of water finds a readier escape at the face* of a flat valve. When running 
clown gradients with steam cut off a vacuum is formed in the! cylinde*rs, and unle*ss spee ial 
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;irr:in;>^rm(-ius arc; i)rovi<l<d for the admission of air the gases and gnt of the fire box 
;irc su( ked in through tin;' valves. Piston springs ami valve laces arc thus subjected 
to an amount of wear that makes the use of complicate<l parts undesirable. Some 
arran-.-ment of balanced valve is frequently adopted when the area of the valve is 
,.o„sid.a-abl.; and the pivssure is high, in order to reduce the power required to over- 
come the frictional r(.sistanc(;s at the working faces. The commonest arrangement 

comprises a framework which prevents the 
steam pressure from acting upon the back 
of the valve, but as packing springs are 
involved the arrangement is open to the 
(.)l)jections already stated. In the case of 
compound locomotives the conditions are 
somewhat different, and considering the 
high pressures adopted it is very customary 
to fit [liston valves to the high-pressure 
and D-valves to the low-pressure cylinders. 

Pig. i(;i shows a typical valve for destroying the vacuum in the cylinders when 
ruimiiig with steam cut off. When the pressure in the cylinder falls below that of the 
atmosphere, the valve v risi's, and the air which (alters through the apertures A passes into 
the valve chest and cylinders, and is then e.xhausted into the lire box. In this way the 
entrance of grit is effectually prevtaited. Without the use of such a valve the trouble 




may be to some extent ovtacome by [ilacing the slide valve in the full working position 
immediately after tla; steam has been cut (Tf. 

.\ special relief valve is also fitted to the stcfim chest, with connections to the 
v.irious parts, to be protected against the accumulation of water when the distribution 
Naive is ()1 the piston type. 

The |)ositiun of the steam valves depends upon the design of the locomotive as 
a whole; thus, for example, when the cylinders lie between the frames and do not 
exceed iS in. in diameter, it is possible to place the valve chest between, but when 
the diameters exceed iS in. the space is very limited, and the valves must be otherwise 
arranged, either hori/ontallv tmderneath or above the cylinders. In the former arrange- 
ment better draining ol the casings is possible, while in the latter the steam supply 
is more direct and the losses from cooling are less. 
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Valve Gears. — Distribution of the steam to and from the cylinders is effecteil by 
the valve motion, but the _ir(;ar serves the additional purposes of varying the steam 
expansion and reversing the action as required. 

For the sake of simplicity of description, only the essential parts are shown in the 
diagrams, figs. 192 and 193. oa is the crank driven by the piston, and on is the crank 
equivalent to the eccentric which moves the slide valve to and fro ovi;r the steam 



and exhaust ports s and n. I he two cranks oa and on are shown separated, but in 
reality the axle o is common to both. In the figures the piston is shown in the outer 
dead-centre position, with the valve in mid travel and cutting off the steam supiily. 1 he 
valve cranks, on the other hand, are shown occupying pejsilions 90 degrees in advance 
of the main crank in fig. 192, and behind it and fig. 193. Under these; conditions it 
will be evident that continuous motion can only take place; in the diree'tie)ns e)t the arrow.s. 
Any rotation in the opposite direction would only o{)em the same working side of the 
piston once more to the steam 
supply and bring the piston back 
to the end of the stroke. It fol- 
lows, therefore, that the rotation 
must always be such that the 
eccentric leads the driving crank. 

To reverse the engine, means 
must be provided for reversing 
the position of the eccentric rela- 
tively to the crank, that is, the 
gear must permit of the ecceiitric 

being placed always in advance of the crank, to suit the lequned (liieclion 01 
rotation. Locomotives in the days of the industry were fitted with the (i.dj 
arrangement shown in fig. 194 - I wo eccentrics, set in opposite directions rt.lalivt.ly 
to the crank, were keyed to the shaft, and the ends of their comu'cting rods provided 
with hooks which could be made to engage by hand with a stud on the slide-v.dve rod. 
To reverse the engine, all that was required was to disengage the one eccentric rod, 
and at the proper moment engage the other. Another and still simpler arrangement 
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involved the use of only one eccentric, which was loose on the shaft and driven by it 
through a slop piece. 'I'o. reverse the rotation the eccentric- rod hook was Tifted out 
of 'M'ar with the stud, and the valve manoeuvred by hand until the correct relative 
positions of th(! <.'ceentri(' and crank were obtiiined, whtm the hook once more was made 
to en.i(af,u; the valve stud. A gear of this description makes reversal of the engine 
possible, but it does not permit of the cut-off being varied at will, and the steam 
distribution is not .satisfactory. Other gears were accordingly devised to overcome 
tlufse obj(-ctif)ns, the most satisfactory and universally used arrangement being the 
■Slephensoti littk motion; but before describing this gear, the explanations of the terms 
hrad and laj), already deseribetl in the chapter on the steam engine, must be repeated 
heiat. If th(! valve were of the simple; form illustrated in fig. 192, the steam would be 
ailmitted to the cylindc-r or exhausted throughout the travel of the piston, and under 
these conditions tliere would be conslilcrable knocking in the bu.shes at each reversal 
of the motion, and therefore of the stresses. To overcome the difficulty, steam is 
admilt(;d to the exhaust side before the piston has reach(;d the end of its stroke, and 
this is done by increasing the angle between the eccentric and the crank, thus advancing 
the action of the slide valve relatively to the pist(m, and the valve is then said to have 
leatl. Apart from this queslion of lead, it will be se(;n by again referring to the 
diagram, fig. 192, that a full cylinder of live st(;am would be consumed at each stroke, 
if the breadth of the valve fiices were just sufficient to cover the ports. To make 
expansive working possible, the valve faces are made to overlap the ports on the outer 
edges. 'I'Ik; valve is then said to havt; outside lap, which cuts off the steam supply 
at an <-arlier stage in the stroke;, depending upon the amount of the lap. From the 
[)oint of cut-off, the piston is driven solely by the expansion of the steam. In stationary 
engines, as alre.idy explained, and to ;i .slighti;r extent in the locomotive, some lap is 
also given to the insidt; exhaust edges of the valve, to assist in the reversal of the 
dins tion of motion at the ends of the strokes by providing more cushioning action. 
With the valve; ge;ar it must also be possible to vary the degree of expansion, that is, 
the; point of cut-olf from a certain fi.xed point to zero, and this is best effected by varying 
till! travel ol the valve. Referring to the simple v;dve, fig. 192, it will be evident that 
with till! full tr;iv(‘I of the valve, steam will be admitted throughout the stroke of the 
piston, but that with a shorter travel of the valve the ports will be open for a shorter 
period, and a correspondingly smaller quantity of steam will be admitted. When the 
travel is reduced to nothing the ports will remain closed, no steam will be able to enter 
the cylinder, and the engine will stop. Some mechanical equivalent to an eccentric 
of variable throw is required to give the necessary control of the valve travel, and this 
is the principle underlying the great majority of the motions commonly used. In the 
Stephenson link motion, fig. 195, the eftcTts of two oppositely set eccentrics are combined 
by means ot a slotted link which engages with the valve rod. ‘When the middle of 
the link engages the rod, the opposite movements of the eccentrics neutralize ctjie another 
til that point, and the travel of the valve is zero. No steam can under these conditions 
enter the valve, although the supply is not cut off from the valve chest. When one 
end of the slot eng.igcs the valve i*od, the effect of the eccentric coupled to that end 
IS a maximum, and the effect of the other eccentric zero. The valve has then the 
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maximum travel, and the engine will move forwards or backwards according to whichever 
of the eccentrics is in full gear. For any intermediate point of the link the valve 
travel will be the resultant of the opposed eccentric motions. Stephenson’s motion in 
practically its original link form is used by many present-day engineers for all types 
of locomotives. Other gears have been devised to overcome certain objections, and 
to suit conditions imposed in the design of the locomotive, but none of these excels 
the above simple arrangement in all particulars. What is generally known as the 



Stcphen.son link motion is in reality the arrangement devised by Howe and introduced 
by Stephenson. 'I'he original Stcphen.son gear consisted of an arrangement of forks which 
engaged the valve rod. Since each eccentric of the link gear has a dtd'mitc fixed lead, 
it will be evident that the valve lead cannot be constant for intermediate linked positions 
where the motion is the resultant of the combined eccentric movements, and that the 
amounts of the release and compression will be affected in the .same way. Im|)roved 
gears have been devised with the main intention of overcoming these objections, but 
no one of them can be .said to excel the simple link motion in every respect. 



What is gained in more efficient distribution of the steam at points of early cut-off is 
too often lost in increa.sed complication. In the Gooch link motion, fig. 196, the centre 
of the slot-link curve is at the eccentric-rod pin, while in the Stephenson motion the 
link curve is centred about the eccentric sheave. The Gooch link is suspended from 
a fixed point, and it is the .slide block, not the link, that is raised and lowertxl by the 
hand gear. When the valve is in the middle of its travel the rod end can be rai.sed 
or lowered in the .slotted link without producing any movement of the valve, that is 
to say, the lead is constant for all positions of the gear. By moving both the link 
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jincl the rod slide, Allan succeeded in substituting a straight link for the curved ones 
pn.-viously used, but the htiid is not entirely consent as in the Gooch gear. 

It is not always possible, especially in the more powerful locomotives, to find 
suriicient room between the frames for the double -eccentric link motions, while the 
large dianu.-ters of the cylinders necessitate some other arrangement of the valves 
either aljove or lielow them. Radial gears have accordingly been devised to work 
such horizontally [ilaced valves, and at the same time to dispense with the use of the 
<!ccentri(:s. Ihe valve motion is in geiKTal compounded of a reciprocating motion 
synchnjnizing with that of the piston, and of a rotary motion derived from that of the 
crank. 

Hackworth’s gear, the earliest of the radial valve motions, makes use of only one 
(•(•ccaitric, and is for this reason frequently used for locomotive engines. The valve 
r(xl is worked from a p<jint in the eccentric rod the position of which must be chosen 



to giv(! the reriuired leads. 'Fo reverse the engine the end of the rod is made to work 
in a slot the inclination of which may be altered by the hand-reversing lever. 

In Marshall’s gear, which is a modification of the Hackworth arrangement, the 
end of the eccentric rod, instead of working in an adjustable guide, swings on a radius 
rod carrietl upon an arm of the reversing (juadrant. There are many other arrange- 
ments and modifications of the Hackworth gear, but it is not possible here to enumerate 
them. 

Joy’s valve gear (fig. 197) is specially suitable for the locomotive, as it consists 
of very few anti simple parts, and at th(^ .same time gives a satisfactory distribution 
(tf the steam. .Since the end a of the piston rod moves in a straight line and the crank 
II in a circular path, an intermediate point such as c of the connecting rod wilKiface an 
elliitse. A point o on the link t: 1 ;, which is coupled to the connecting rod at c, and at E 
to th(; nulius bar i; K, will have a motion compounded of the ellip.5e traced by C and 
thtr circular |)ath of the end i;. The lever which operates the valve rod is carried by 
a sliile working in a .slotted guide, the pivot being close to the valve-rod end. By a 
suitable choice of the pivot points, the horizontal motion of the end h can be so adjusted 
that the reduced motion of the valve rod wiU be twice the lap and lead. At the same 
time the vertical movement of the end d causes the slide to rise and fall in the guide, 
which according to its inclination determines the valve travel, and therefore the point 
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of cut-ott. The guide is pivoted on a bracket upon the engine frame, and its inclination 
can be altered as required by means of the reversing lever. 

On the Continent the Walschaert gear, illustrated in fig. 198, is almost universally 
employed for locomotives, but it is only within comparatively recent years that British 
engineers have to any extent adopted it. Although considerably more working parts 
are involved, the gear occupies very little side room and does not necessitate the use of 
any eccentric. It is therefore especially suited to locomotives with outside cylinders, 
or where there is no room between them and the frame for the motion. Outwardly 
the gear has an appearance of much complication, and it is doubtless this that has so 
long prevented its adoption by British engineers. Continental engineers, on the other 
hand, have long favoured it, and at the present moment it is applied to the great majority 
of their engines. In Germany the gear is known as the Heusinger or Waldegg gear, 
from the name of an independent German inventor, Edmund II. Heusinger von Waldegg. 
Walschaert s patent, however, anticipates that of Heusinger by five years, the Walschaert 



patent being dated 5th October, 1844. For certain reasons the patent was actually 
filed in the name of a Brussels engineer, F. Fischer. 

Fig. 198 illustrates an arrangement commonly used at the pre.sent day. It consists 
of a “combining lever” abc attached by a link at a to a point n fixed to the piston 
crosshead. The motion of a is thus synchronous with that of the piston. 'FIk! short 
arm of the combining lever receives its motion from a link pivoted at its middle, and 
oscillated by a small throw return crank on the driving axle. At the point c is connected 
the valve rod, which thus receives a motion compounded of tho.se derived from the piston 
crosshead and the crank. Considering first the piston component, the travel of the 
valve is determined by the ratio cb to ba of the lever arms, and these are so cho.sen 
as to give the required lap and lead, which are therefore constant for all degrees of 
expansion. The short end of the combining lever is worked by a radius bar from 
the link E, and the valve motion thus derived from the crank depends upon the position 
of the slide in the link. When the slide occupies the lowest link position, the engine- 
moves say forward, and in the reverse direction when the slide is at the opf)osite end. 
Intermediate positions give corresponding degrees of expansion. The adjustal)le radius 
bar and slotted link thus serve the purpo.se, as in the Gooch link (fig. 196), of reversing 
the engine and of determining the point of cut-off, while the small crank, on account of 
its being set at right angles to the driving crank, not only gives the valve its motion, 
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hut :iIso moves it most ciuickly at the positions of cut-off and release. Many variations 
of the \C;ilschar-rt t^ear have l)een introduced, but the principles of all of them are 
already suflicii.-ntly well described. 

LOCOMOTIVE PROPORTIONS 

The minor details and fittings of a locomotive to which it has not been possible 
to refer an; clearly indicated on the cardboard model, and by means of the illustrations 
of the two typical modern locomotives included here. 

The first illustrates a six-couplcal side-tank locomotive, built by Messrs. Barclay, 
Sons, iS: (a), of Kilmarnock; and the second an articulated compound locomotive 
built by Messrs. Horsi^ of berliti for the Central Northern Railway of the Argentine 
Kc.’public. 


SIX-COUl’LEI) SIDE-TANK LOCOMOTIVE 


Ibiii.T nv Mkssks. B.Moa.AV, .Sons, & Co., Lm. 


(I^igs. 199 and 2cxi) 


Lkadinc I’AUficur.Aks: 

(iauge 

Cylinder diatneters 
Piston strokes 
W heel diamelcu's 
\Vh('<-l base 
lle.iting surface 
'rubes ... 

1‘ire box 
Total 
(ifatc! area 
lank capacity ... 

('o.il capacity 

Weight in running order 


... 4 ft. 8-J- in. 

.. ... 17 in. 

24 „ 

4 ft- 

14-2 ft- 

.. ... 870 sep ft. 

95 .. 

9f>5 .» 

15 .. 

... 9CX) gallons. 

I ton, 13 cwt. 

.. ... 44 tons, 10 cwL 


I he- cylinders are between the frames, and particular attention has been paid to 
the I )r.T('inj4 ot thi* side Irames, which are also made specially heavy to withstand 

the s(‘vere slr(‘ss(*s that ar(‘ met with in such work as shunting. 

C.ompi nsating hc-ams are providcal between the leading and the driving springs on 
e.ich side, while the trailing axle is carricnl by a single spring arranged transversely. 

Hand and st(‘ain hrake.s acting upon all the wheels are provided. The fire box is 
oi the ( rainpton ty|H‘, but has the wrapper plate raised above instead of being continuous 
with the top of the barrel. 
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C O M 1 H ) 1 1 N I ) y\ R'n C U L A'l'I I ) T A S S N G E R LOCOMOTIVE 

I>v Messrs. Roksig ok Heklin 

i“8) 

I is a coinplftc' sidn view. 

Ivj. 2 is a halt scrlional plan sliowing the disposition of the cylinders. 

1 ilv^s. 5, -p 5, 6, 7, and S slanv in detail the flexible arrangement of the steam- 
pi[)c connections. 


Leadins; I\\rticui.ars: 


(iaiige 

1 )iain(*ler of high-i)r(‘SSLire cylind(a' 
Diana'ter of low -pressiiri! cylinder 
Stroke (»f pistons 
l)iani(:t(‘r of cou[)1(h1 wheels ... 

I )iain(‘ter of bogie wheels 
Rigid wliec‘1 bast* 

'botal whe(!l base 
ll(‘iglu of boi](‘r ccaitre 
Mean dianK^er of barrtd 
Number of brass tubes... 

Ivxternal diameter of Itilx's 
Length of grattE.. 

Width of gratt! ... 

(jrat(‘ area 
I I eating surfata^ ... 

W'orking pressure 
Weight emi)ty ... 

W(‘ight in running onU*!* 


3 ft. 3^ in. (i metre) 
13 in. 

20^ in. 

4 ft- 3:1 in- 
2 „ 7 \ 

10 ft. 

29 ft. 4 in. 

7 ft- 2;5 in. 

4 '> 4 *• 

207 
2 in. 

8 ft. 6 ,\ in. 

4 >> >> 

35 -•^q- ft- 
1820 sq. ft. 

170 lbs. 

41 tons, 2 cwt. 

47 tons. 


'riu! tire I 


U)\ IS 


ol the Helpairt* type 


ind built of copper. It has the two front 
on of the tube plate. 


rows ol HH)! stays articulatetl to permit of vertical expansi 

I h(‘ high pressure cylinders are fixed* to the rear frames in order to obviate the 
lu'cessity ol any ll(‘\ibl(* stf‘am joints under the full l.)oiler pressure. Walschaert gear is 
ustal throughout, and provision is madt* for independently varying the cut-off in each 
pair of cylinders. 
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CONTINUOUS RAILWAY 

BRAKES 


Whenever it is necessary to brincf a movinu; train to rest, the cnerqy stored in 
the moving' mass must in some way be dissipated, and in practice tlie dissipation of tin.! 
energy must be effected with considerable rapidity. I'his may most readily be done 
by converting the energy of motion into heat, eithen- by blocking the wheels wholly 
or partially. In the former case the heat n^sults from the friction between thtr locked 
wheels and the rails, while in the latter case .some of th(^ energy is dissipated in friction 
between the brake blocks and th(; wheels. The blocks, in the simpl(;st arrangemtait, 
are pressed against the wheel tyrcjs by a screw gear or by a combination of levers 
which multiplies the force e.xerted by the brakesman before its application at the tyres. 
A certain number of vehicles fitted with such brakes were placed in different parts of 
the train in the earlier days of railway working, and at a given signal the brakts were 
applied simultaneou.sly, or as nearly so as [)ossibl(;, whenever it was desired to stop the 
train. For light local goods traffic, where the speed is very moderate, this system is 
still in use, but never in the case of passenger or heavy goods trains. It will be readily 
understood that such a system is much too dangerous for application to expn.ss trains, 
which may be called upon by the signals at any moment to stop suddenly. As the 
rapid improvement of the locomotive made it possible to haul trains of greater and 
greater weight, it was found necessary to group the brakc;s together ui)on one or more 
of the vehicles. 

DEVELOPMENT OF THE CONTINUOUS BRAKE 

Loughridge’s chain brake, which dates from al>out 1865, was of this cl.iss. It 
consisted of an arrangement of pulleys and chains running the whole Icmgth of the; 
train and connecting all the brakes. One mechanic was thus able to o[)erate them all, 
by means of a band lever placed near him. Arrangements of this kind, which enable 
all the brakes from one extremity of the train to the other to be worked simultaneously 
and from one position, are called " continuous brakes 

l«7 
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None of th(; roiitiiuious mechanic:;il arranijcments devised for applying the brakes 
(ould Ur considered as a practical solution of the problem. It was only by the invention 
ol the contiiuions pn<‘uinatic brake that all the ref]ulremcnts \v(!te met in a truly practical 
maimer. In ihf: pncaimatic: system, a tufie carrying air, either compressed or below 
atmospheric iircssiire, is led along the whole length of the train. A connection is made 
to e.-ich vi'hicle brake cylinder, and Ilexible couplings arc used between the vehicles to 
make the air passage continuous, riie history of this ingenious appliance is of sufficient 
inteiarst to warrant a briel summary. 

Al^out the year 183.3 Ste])h< nson invented the .steam brake, which consisted simply 
of a steam cylinder the piston of which acted directly upon the levers operating the 
hnikc shoc.s. 

'File first l>r.'ik(^. which really nuTited the name of [meumatic was one invented by 
Jiinus Nasmyth and Charles May in 1S44. 

In i<S4S SamiK^l C. Lister patented an air brake which comprised a compressing 
piim[>, a main HLservoir, and an air tube connected between the carriages by means of 
irouplings. This arrang(*m(;nt emhodi(*(l the essentials of a really continuous brake, and 
n‘scml>l(!(l th(! brakes in us(i at the present day in all particulars, with the one exception 
that it was controlled by th(‘ guard, and not by the mechanic on the locomotive. Since 
then, innumeralde patenis have been taken out in every important country for all kinds 
of continuous l.)rakc*s. During the last severity years of the nineteenth century over 650 
such |)ateiUs were applic^l for in Britain, 21 being for railway brakes operated by electro- 
magnetic means, 20 for hydraulic, 32 for pnc?umatic, and 50 for steam brakes. In 
America, during this tiiiK.', over 305 patenis were filed for railway brakes of all descrip- 
tions. Notwiihstanding th(; great attention devoted about this time to the subject, it 
was not until ci'rtain iinprovcmienls by Ceorge W('stinghouse were carried out that any 
rapid progress was mad(‘. In 1S69 he devisc^d his non automatic air brake, to which 
h(; gave; the generic name of “ the direct air brake”. It consisted of an air compressor 
worked by steam and placed u[)on the locomotive, and of a reservoir in which the 
compressed air was stored. An air \n])v. was run along the train and connected between 
lh(‘ carriages by means of couplings. Under each vehicle was placed a cylinder com- 
mimicaling with th(? air siipjily jiipe, and fitted with a piston connected to the brake- 
shoe levers. Laeh time air was admitu^d t(.) the air pipe, the pistons of the cylinders 

wv.vi) lorcc'd out and the hrakcLS applicil. When, on the other hand, the supply was 

cut oh and ihe air pipe put into communication with the atmosphere, the compressed 

air t-seaiM'd and the brakes rc‘leascd thenii^elvcs. One simple three-way cock, between 

tiu! train ()i[H! and the r(\servoir of compressed air, served to admit the air to the pipe 
eommunieating with the brake cyliiulers, or to open it to the atmosphere, or to completely 
isolate* it. In 1S72 W'estinghouse applied his system in America for the first time. This 
date may inileMul he ciaisiderexl as the starting point* of the later, great development in 
the transport ol goods and passengers over railway lines. 

In tile same* year a vacuum brake invented by Smith was introduced in 

iMiglaiul, at first as a direct brake, but later in an automatic fornp. 

We'stinghou.M.: s la.^ke .. .k> tir.jt introduced into France in 1877 by the Compagtlie 
dc 1 Ouest, and Smiths brake a year later, in 1878, by the Compagnic du Nord. After 
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various experiments, inevitable to the introduction of any new idea, the apparatus 
was rapidly brought to a state of such perfection that it was found possible, in 1880, 
to make the use of such brakes com[)ulsory upon all vehicles forming part of any 
passenger train. From this period onwards progress was very rapid. Long heavy 
trains, it was found, could be stopped in a very short space of time; and as confidence 
in the certainty of action of the pneumatic brake grew, the sptaals and the wi'ights 
of the trains were increased, and the powers of the locomotive's develo[)ed, to 
meet the ever-growing demands. The ordinary pneumatic brake was supersedeil 
by the rapid-action brake, and still more recently by pneumatic brakes of still more 
rapid action. In .spite of the great number of brakes that have been devised, ami 
notwithstanding the variety of their details, a classification is a simpU; mailer. 
Practically every one of any importance depends for its action and its braking power 
upon the use of either compressial air, or of rarefied air -that is, upon a vacuum. 

A continuous pneumatic brake comprises the following essential parts: — 

1. A steam-driven pump upon the locomotive, to com[»ress or extract the air 

in the system. 

2. An air pipe carried throughout the length of the train, and connected between 

the vehicles by means <'f air-tight couplings and sections of Ilexible tubes. 

3. A valve on the locomotive near the mechanic, to control tin: air pressure in 

the pipe. 

4. A brake cylinder under each vehicle, connected cither directly or indirectly to 

the air-stipply pipe. 

In each brake cylinder is fitted a piston or a movable diafthragm, ojien always to the 
atmosphere on the one face and to the compressed air or to the vacuum on the other 
face, when the controlling valve on the engine is operated. I'he difference of pressure 
on the piston forces it out, and thus operates the levers upon which the brake shot's are 
carried, the pressure exerted by the shoes upon the wheel rims being dejiendent on the 
multiplying effect of the levers between the shoes and the brake piston. 

Continuous pneumatic brakes may be divided into the two general classes: — 

1. Vacuum Ijrakes. 

2. Compiressed-air brakes. 


Each of these classes may again be subdivided into two entin'ly distinct groups, 
according as their action is direct or automatic. There are thus four fundamental types 
of continuous pneumatic brakes: — 

The direct vacuum brake. 

The automatic vacuum brake. 

The direct compressed-air brake. 

The automatic compressed-air brake. 
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A piu.'uniaiic bnikc is said to be direct when the air-supply pipe is open to the 
ainiospli(.*r(‘ vvhil(! the train is in motion and the l^rakes arc off. When the brakes are 
to be applied, the air pipe is. operned to the compressed-air supply reservoir or to the 
vat'uum, a difk-reiice of pressur(‘ is (.‘slablished on the two sides ot the brake-cylinder 
diaphragm, which moves outwards and forces the brake shoes against the rim of the 
wh( el. 'bo nanove the brakes, th(* air pipe, and therefore the brake cylinder, is again 
put into communication with the atmosphere. It is evident, therc'fore, that a brake of 
this typ(! is f>f the simplest pcjssible nature, retiuiring only a brake cylinder under each 
vehi('l(t connected to the air-supply pipe by flexible tube connections. The remaining 
mechanical parts, such as the levers and shoes, are common to all the types. 

'Fhen? is a further advantage in the east! with which the direct brake can be applied, 
either gently or with its full power, whenever desired. By manceuvring the inlet valve 
of the sup|)Iy i)ipe, the [)ressure difference in the cylinder may be varied at will, and 



th(! I)rak(‘s applied gradually with any force up to the maximum. In the reverse 
operation of removing them the same applit's. The pressure may also be reduced 
until the whet'l just grips and slijxs, which in practice is found to be a very efficient 
way of dissipating the energy. 

In th(‘ automatic brake, on the other hand, the air-supply pipe is open to the 
compn‘s.s(‘d air or to th(‘ vacuum when the brakes are off and the train is in motion. 
It is by relieving th(! pressure or by destroying the vacuum in the air pipe, as happens 
when it is opeiunl to th(‘ atmos[)hcrc, that the attendant is able to apply the brakes. 
Undc'i* each \ (‘hicle is placed not only a brake cylinder, as in the case of the simple 
direct arrang(‘m(!nt, lait in addition a storage chamber called the auxiliary reservoir, 
and a distributing valve which is in communication with the main air pipe and controls 
th(* passag(‘ bet wee n the brake cylinder and the reservoir. As in the former ca?>e, a 
('ontrolling valve is placed on the engine beside the mechanic, by means of which he 
m«iy pul the; main air pij^c in communication with the supply of compressed air, or 
with tlu' vacuum pump when the brake is of the vacuum type.' Fig* 201 shows 
diagiammatically the arrangement of the Westinghouse automatic compressed-air brake, 
with its bniK(* c)linder, auxiliary reservoir, and distributor, called in the diagram the 
triple valve. 1 his distributor contains an arrangement of sliding pistons or valves, 
which nu)\es under the action of the compressed air into such a position that the 
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reservoir is placed in communication with the air-supply pipe, while the brake cyliiuU'r 
is opened to the atmosphere. When these conditions exist the brakes are olT, since 
there is no difference of pressure on the two faces of the diaphragm, which art! both 
exposed to the pressure of the atmosphere alone. I'he auxiliary reservoir, on the 
other hand, is in communication with the main air pipe, and is becoming; charotnl 
with compressed air or evacuated, according* to the type of the brake. In ot*iu‘ral 
the capacity of the reservoir is from five to six times the volume of the brake cyliiult'r 
when the diaphragm is in its extreme working position. To a[)i)ly the brakes, the 
attendant by means of his controlling valvtt opens tlu‘ air-supply pipe to the atmosphere, 
and thus reduces the pressure or the vacuum. This altcTation of pr(‘ssiire changes 
the positions of the [)iston valves in the distribtitor in such a way that the communi- 
cations between the air pipe and the reservoir, and between the brake cylind(‘r and 
the atmosphere, are closed, whih? the passage b(!tw('en the auxiliary reservoir and 
the brake cylinder is opened. The piston is then acU'd upon by tlu! compress(‘d air 
stored in the reservoir, or by the vacuum, with a pressure which depends on tlu! ratio of 
the initial volume of the reservoir to the final combined volume of th(! brake cylinder and 
reservoir. This may readily bc! calculated as follows. Su[)posc, for exam[)l(‘, that V r(*pr('- 
sents the volume of the auxiliary reservoir, while v n^pn^staits that of the brake cylinder, 
and that P represents the pressure per scjuarc! inch in the reservoir, and /> the final 
pressure per square inch in the cyliniler. When the l)rak(! is operated, thi* air which 
occupied an initial volume V will fill a final volume V 4- v; and since th(! |)r(‘ssure ol 
a gas multi})lied by its volumcj at the moment is constant, it follows that e) - P(V), 


that is, p ~ 


FV_ 

(V zO’ 


Knowing, therefore, the initial air i)ressure, the volume! of the 


receiver, and the maximum working volume of the brake cylinder, the. final pressure! 
on the diaphragm may be calculated. To rciinove the brakes again, the mechanic by 
means of his controlling valve charges the air [>ipe with compressed air, or creates in 
it a vacuum. This l)rings the distributor valves to the original positions, in which 
the air-supply pipe and the auxiliary r(!servoir are in communication, and the brake 
cylinder is open to the atinosplKux!. Automatic brakes of this nature! arc! much more 
rapid in their action than thc! direct-acting type, [)articularly on th(!ir ap[)licat'ion. d'o 
actuate them, all that is necessary is to create a difference of pressure, and conse(|uently 
to move only the comparatively small quantity of air in the supply i)ii)(!, which gencaxilly 
is of a very small diameter. In thc direct brake, on thc! either hand, the volume! of 
air to be dealt with is not only that of the air pi|)e, but also thc! volume! in the l)rake 
cylinders. As a result of this fcxiturc it is possible to usc! the automatic brake! on trains 
compo.sed of many vehicles, where the! use of the direct brake* would be ejuite imprae:- 
ticable. 

In the case of accidents in which the air pii)e! be!cejme!s ruptured, as, for example, 
when the carriage couplings break, or in a collision, the Ijehaviour of the two type!S 
of brakes is very different. Unele!r such circumstances the direct brake is put e:om- 
pletely out of action, since be)th side_\s f)f the brake pistons are! at atmospheric [)re‘ssure\ 
It is impossible also for the attendant to apply them, he.!cause, thc lube being o[)e!n to 
the atmosphere, he canne)t crc!ate in it the necessary j)ressure or vacuum. Any rupture! 
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of iIk* ;iiitorn;iUc-l>nik<j uir tul)Ct on the oth(;r hcind, K^stilts in the sudden nppliCcition 
of the brakes witli their full available force. This braking action takes place on every 
vehicle lilted with a brake cylinder, and is quite independent of any action of the 
in(*chani('. hroiii the point of vutvv of .salrtty alone the automatic system is therefore 
much superior to tht; dir(.*cl-acting brake. If, for exam()l(;, the train is standing, and 
while in this static is run into with sufficient force to break the couplings, the brakes 
on the s(*|Kinit(*(l portions of the tniiii apply thcmsctlvos automatically, and reduce the 
(•ffcLis of the collision U) a minimum. Or aj^ain, if the couplings of the train break 
when on an incline, tlK‘ rear portion is prevented from running backwards, owing to 
the api)lic;ition of the brakes on all the vehicl(‘s. If the direct-acting brake alone were 
used the brakes would nmiaiii off, and could not be ajiplied by the brakesman. The 
train would then run backwards down the incline with (!ver-increasing speed, and would 
probably wreck itself at the bottom. A further advantage of the automatic brake lies 
in th(? ((‘rtainty with which any small defect makes itself (wident; any leakage on any 
|)art of the system results in tlu! aiiplicalion of the brakes, or, when slight, in a noticeable 
reduction of the pressuia? or vacuum in the air main. When, therefore, any defect makes 
itself apparent, tla? attendant is comj)elled to give it his immediate attention. With the 
dinct brake, on the other hand, if between two applications of it a rupture of the pipe 
lakes plaic, th(! mc*chanic receives no warning of the important fact that he has no 
long(*r any control over the train. Dircx't-acting brakc^s arc gcmerally used alone for 
only the slow't‘st kinds of traffic, or for trains composed of very few vehicles. For trains 
of a considerable length, or where* security against accidents is essential, the automatic 
brakes is alwa\s fittCTl. 

loom the cU'seriptions already given of the mechanical details of the two systems, 
it will be evident that the dirt^ct brak(^ has the advantage of being less costly to instal 
or to keep in working ortk r. 

In a later section th(! more generally us(*d ty[)es of brakes will be described in some 
detail, such, lor c*xampl(*, as the Soulerin direct-vacuum brake, the Clayton automatic 
brak(*, and th(! several tyj)es of ordinary quick-acting and extra-rapid brakes manu- 
lactur(‘d by th(! Westinghouse Company; but before entering upon these details some 
consideration must lx* given to the* arrangement and adjustment of the more or less 
complicatc'd sysli m ol levers by means of which the force exerted in the brake cylinder 
is applied to the rims of the wheels. The problems involved in the braking of trains 
will be considered also from the theoretical point of view, and simple formulae will be 
<lerived by means ol which the forces brought into action in ordinary daily working 
may be determined. 

THE BRAKE GEAR AND ITS ADJUSTMENT 

In tlie arrang(*ment ol the? levers and gear there is infinite variety, from the simple 
aiiangi'inent ol oiu* shoe, applietl by means of a hand lever, to the more complex systems 
ot levers lUTc ssary when tlu* x' -iirk; runs on twi^ bogies each with four wheels fitted 
with bi.iki* shoes. It is generally necessary to operate these levers by means of either 
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a screw and hand wheel, or by means of the usual brake cylinder; the one method of 
control being independent of the other, and therefore available as a reserve in special 
circumstances. Suitable links are inserted in the gear, so that the operation of the 
brake shoes by the one arrangement will not be affected by the other. Two examl)l(^s 
are given, in figs. 202 and 203, of the gear reejuired for eight brake shoes. In the 
one case the brakes are operated by compressed air acting upon pistons lying hori/ontally 
and working in opposite directions in the brake* cylindc‘r, while in the second a vacuum 



cylinder placed vertically is used. This latter arrangement, illustratc'd in fig. 203, com- 
bines also the hand-screw brake already mentioned, thc! connecting link which p(‘rmits of 
the independent working of the two systems being shown clearly in tlu^ figure at w Some 
provision must be made for thc exact adjusting of the shoes relatively to the wheels. 
Owing to thc multiplying effect of the system of levers between the brake; piston and 
the shoes, their motions will be invers(;ly proportional to one another. When, for 
example, the diaphragm is caused to move, by a difference of prc.ssure on its two faces, 



through a distance of, say, 5 in., the sho(*s will move only in. if the multiplication of 
the levers is in the ratio of 1 to 10; that is, the total force on the air-cylinder piston 
will be applied with tenfold effect at the wheel rim, while the actual motion of the; 
brake blocks will be only one-tenth of that of thc piston. Unless some provision were 
made for the adjustment of the shoes, they would fail to grip the wheels as soon as 
the wear of the blocks and tyres amounted to about the i in. of total motion. Certain 
of the levers are fitted accordingly with turn-buckle screws, or with adjusting holes 
and pins, so that the piston may be set at its fulbout [position when the shoes arc 
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s(*| »;ir;itf *( I Iroin tli(* tyr(*s l^y tlu^ correct c'lfiiouiit, hikI in this \Vtiy the wciir of the blocks 
aiul L^rar may be taken up as reejuired. It will be evident that the repetition of this 
adjusimenl is limited l^y the- thickness of the shoes. When these become worn beyond 
a (crtain point they mtist be replaced with new ones, which may be very readily done. 
( arelnl adjustment of the i^car is (d' the greatest importance, and can be best carried 
out in Srifety and with siilhcient eas(f when some such sp(!cial provision is made as, 
lor example, the ingenious and sim[)le arrani^ement devivsed by the brench engineer 
( haumont. 

The Chaumont Gear. Two jjurposes ap‘ served by the Chaumont gear, which 
may be coiisideretl as consisting of two s(*parat(‘ mechanisms. 'Ihc one portion .serves 
merely as an indicator of the amount of the wcxir, while the other portion enables the 
wc-ar recorded to be taken up. 'I'hc* indicator portion is very simple. It consists of 
a s.mIc ji\(*(l on tl)(‘ frame ol' the vehicle, and of a pointer movables along it and connected 
to the brake |)iston by some direct and simple arrang(.‘m(!nt of levers or other mechanical 
dev ice. ( )n the scale, figures are (Migraved from o to 20. When the pointer is at o the 
brake should be in the: off position, and when the brakes are applitxl with sufficient force 
to bring the |)iston ol th(‘ brake; cylinder to the; end of its normal traved, that is, when 
the brake is full on and in good working condition, the pointer .should indicate the mid 
p()ini K.) of the; scale- or the-n*by. If the' j)ointer travel e;xcee;els this, and particularly if 
it approae he-s 20, the piston travel has apparently l)(;come too great, and reejuires to bt; 
e'orrerted. Hy inspection of the; inelie-ators on the v(;hicles, when the brak(;s are being 
te sted before* the* train leavers the station, the; attenelant may satisfy himself as to the 
ac tual condition e)f the ge*ar without having to creep under the carriages, as would 
otherwise* be; n(*c(ssary. (dlher intere*sting information is furnished by the indicator, 
but the* principal points me ntioned be‘low' will be be;ttcr understood when the description 
ol the* C()m[)n*ssed air brake* has been read. 

1. Bending of the Levers and Backlash. — ^Suppose that the pointer comes 
opposite; leo on the* scale when air at a moele;rate; pressure is admitted to the cylinder, 
and that whe*n the* lull air pre*s;Aire is admitted the; pointer moves farther towards 20; 
this inelicale-s some* abne)rmal be-neling of the levers elue; te) defects or weakness, or to 
lost motion in the* joints. The extra travel e)f the piste)n can only be accejunted f( 3 r by 
some* such elefe‘ct e)l the* gear, since in the; first instance the brake .she)es are brought 
by the moele;rate; jiressure; to the e;nel ejl the;ir travels against the wheel tyres. 

2. Stoppage of the Air-Escape Passages. — A very small quantity of air 
aelmitte d to the* l)rake* cylinde*r shejuld ese:ape* re‘adily threjugh the exhaust tulx; without 
moving e*itlu*r the* |)istem or the; pointer, which should remain standing at o or return 
ejuickl) to ze ro it it did nmve*. If, he)w<;ver, the pejinter moves, the exhaust pa.s.sage is 
most |)robably choked, a eletcct which results in .sudde;n and disagreeably jerky action 
ol the* br.ikcs during the; running of die train. 

I he* ( haumont adjusting arrange*ment is entirely separate from the indicator 
portion, and is not much nuire cejinjdicated in its action. Any of the ordinary brake 
gears, whether com[)osi*d ot a sim[)le* or a coinplicateel system of levers, may be 
adjusted by lengthe'nine ‘ n: i)the*r of the coupling rods until the shoes are in 
contiict with tlu* i\ res. When in this position the brake piston should theoretically 
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have only a very small space to move throiijj^h in or(l(*r l(^ brini^’ the full force 

upon the shoes, provided the <j(^ar is (juiK^ rij^id. In practice this is not so, since^ 

there is always some lost motion, due to cumulative btMidin^, which ma\ b(' very 

slight in the individual parts, and to slacknt'ss at the joints. When the brakes an* in 
the off position it is esstuuial that the shoes should be (juitt! clear of tlie wluais, other- 
wise there will be serious wear and loss by iriction; about [ in. of cl(‘aran('e should 
be allowed bc^tween them and the whirls. 'This may be (‘fftrted by means of a sc nwved 
connection or a turn buckle on one of the rods, or by a coupling pin and suitable holes 
spaced I in. apart on overlapping portions of oiu' of thi^ l(‘vers, which may thus l)e 
shortened or lengthened as desired, to give the? niressary clearance' between the shoes 
and tyres. Adjustments of this nature are both difficult and dangi'rous to carry out 
satisfactorily, and then? is the further dangi'r, when scnwved connections an* usimI, that 
they may slack oft during thi? running of the train, especially considering tin; very 
unfavourable conditions und(?r which the gear is requin'd to work. d'he essentied 
features of the Chaumont adjusting g(‘ar are as follows: — At some* suitable point, 
depending upon the particular arrangement of the levers, is placed a scr(‘W(“(l rod provided 
with a l)evel wheel or worm, by m(?ans of which it may be turned. A iitit working 
upon the screw is coupled to one? of the? levers by means of a link, so that whim the 
screw is rotated the nut moves to or fro as thi? cas(‘ may l)e, carrying with it the lever, 
and thus advancing or withdrawing th(? shoes from the tyres of the wh(*els. 'J'h(‘ bevel 
or the worm wheel on the screw may be operated from conv(‘nient positions at tin* 
ends of the vehicle by suitalde arrangements of shafts and g(‘ar wheels. (baierally 
the ends of the .shaft are provided with hand wheels, or are .stjuared to tak{! a turning 
key, .so that the attendant may adjust the shoes whenever the indicator shows this to 
be neces.sary. In practice the? adjustment would lx* done by first moving the sho(‘s 
into firm contact with the wheels, and then withdrawing them the n(‘C(‘ssary } in. by 
turning the shaft through .several revolutions -usually about three. 

The nature of the whole arrangement is .so sim[)le as to r(‘(|uiie no further (k'se ription. 
It has been install(?d in one form or another l)y most of the principal railway companies 
on the Continent. 


TRAIN BRAKES CONSIDERED DYNAMICALLY 

When the brakes are applied to the wheels of a train moving at a c(?rtain spex'd, 
there? is a certain force I* betw(?en the sho(?s and the tyr(?s which tends to prevf?nt rotation 
of the wheels, and retards the? motion of the moving mass, 'rhis r(?tar(ling force? V is 
not merely the pressure O e)f the shoes on the tyres, but is a force? represented nume rically 
by the product Q/i where /i is the coefficient of friction be?tween them. If, again, V 
represents the fraction e)f the te)tal load carried by a particular whe?el, V will represe nt the 
fejrce with which the whe?el Ix'ars u{)e)n the rail, while V will repre*s(?nt its adhesion 
force at the rail. So long as O/i is less than P/, the whee?l will continue* to rotate?; as 
soon, however, as Q/i is made? to e.xceed by increasing the pre?ssure of the brake 

shoes on the tyres, the wheel cease?s to rotate, or, as it is calle?d, becomes leaked. I'he 



176 


CONTINUOUS RAILWAY BRAKES 


force Q Ix iwceii tlie IocI«;<l wheel and brake block now plays no part in the dissipation 
ol the ( IK r^y of the inovino train. The retardinjr force is now between the wheel 
slippin- alono the rail, and’ may be represented by P/^, where is the coefficient of 
friction l.etween the wheel and rail. It will be evident that if the train is upon an 
incliiK- of such steepness that the component of the weight of the train along the direction 
of the rails e.xceeds the total tattarding forces at the wheels, the train could not under such 
circumstances be prevented by the brakt^s from .slipping backwards down the incline. 
I'his is the most serious danger the driver has to fear on an incline. The only means 
of iiK leasing the braking action consists in momentarily relieving the brakes, and then 
again a[)plying them with a pressure just sufficient to lock the wheels intermittently 
and not completely. It is found in practice that the kinetic energy of the train is more 
rafiidly dissipatc'd as lusit at the brake sIkjcs in this way than at the rails when the 
wlieels are completely locked. 'Phis applies also to all public vehicles on rails, such 
as tramway cars. Many accidents of this kind on steep roads have been accounted 
for by the drivers as due to the failure of the brakes to act, when in reality the whole 
blame is due to the too suddeji and forcible application of the brakes, which have 
.acted loo well rather than not at all. The force Q/l .should reach as nearly as possible 
the value of the force P/i„ but should never be allowed to equal it, because at this 
point the wheels cease to rotate, and slipping on the rails commences. Apart from the 
danger which this involves, there is the further objection that the wear of the tyres 
becomes very irregukir. Mats are formed instead of the whole surface being worn 
away uniformly, and, further, the wear takes place on the rails and wheels instead of 
the brake blocks, which may more readily be renewed. Since Q/[ should not exceed 

P/„ the value of (J beyond which it is not advisable to go is Considering the 

/i 

importance of the suliject, it is of the greatest interest to know the value of these 
coelficients, which an; liy no means easily determined. A long and very expensive 
series of (experiments was carrital out in 1S78 to 1879, on the London, Brighton, and 
.South Coast Railway, by Mr. thiorge Wcstinghou.se and Captain Douglas Galton. 
Using diKercnt materials for the brake blocks, tyres, and rails, they were able to 
compile tallies showing in what manner the coefficients varied under different circum- 
stances. They also very definitely determined the laws gc /erning the theory of brakes 
as used on railway vehicles. 

According to (ialton’s result-s, a continuous brake to approach perfection should 
fullil the. following rcciuiremenis: — 

I. It should act upon all the wheels. 

It shoukl be ca[)able of acting on all the wheels of the train instantly, and 
with the maximum power, it the greatest possible retarding force is to 
be obtained. 

3. 1 he shoes should be; adjustable to suit the normal speed and other conditions, 
so that the force at the brake blocks may as nearly as possible equal 
but ntwer c evu tl.. adhesion at the rails. In this way only can the 
maximum braking action be obtained. 
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4. The force with which the brake shoes are applied should be variable at will 

to any degree between zero and the maximum. 

5. It should be capable of repeated application at very short intervals, and of 

continuous application on an incline. 

A brake of this kind, which acted simialtaneously and uniformly on all the wheels 
of the train, would stop the motion with perfect smoothness, and would require to be 
applied for the shortest possible time. These ideal conditions are not attainable in 
[jractice, since the wear of the brake shoes is more or less irregular throughout the 
train, and, further, simultaneous action is not obtainable owing to the appreciable time 
taken by the air to traverse the length of the train pipe. With an ordinary brake this 
interval, amounts to from J to second between one vehicle and the next. Notwith- 
standing the difficulty of attaining perfection in practice, it is essential for the efficient 
working of the brake to keep the adjustment of the brake .shoe's as uniform as possible; 
throughout the train, and to remove every resistance to the passage of the air. When 
dealing later with the rapid-acting brake, it will be shown that all later impre:>ve‘menls 
have been directed to the reduction of the time taken by the air in passing between 
vehicles. As for the adjustment of the shoes, nothing further need be added here, as 
the very simple and ingenious arrangement of Chaumont already described meets 
with sufficient completeness all the demands of actual service. 

THE DIRECT VACUUM BRAKE 

The Soulerin Brake. — When first the continuous brake was applied to trains, 
each of the two cla.s.ses of brakes — compressed air and vacuum — had its strong partisans. 
In the United States, b'rance, and the Continent generally, the compressed-air brake 
received most favourj„.«.while, on the contrary, the vacuum lirake extended rajiidly in 
Britain and its colonies, in Spain, and South America. Many of the smaller railway 
companies at the present time use the direct vacuum brake on their secondary trains 
for the reason already explained, that the first cost of the installation and the cost of 
its upkeep are less. In France the system most generally adopted is the Soulerin. It 
consists essentially of the .same parts under each vehicle, as .shown in fig. 204, siniplied 
as before by means of a conl' '.’JOUs air pipe connected between the vehicles by flc.'xible 
couplings; that is, under each vehicle upon which the brake is fitted there is a cylinder 
with a flexible diaphragm cover, and connected directly to the train pij^e through a 
cock, which serves on occasion to completely isolate the cylinder from the pipe in case 
of accident, as, for example, when a leak occurs in the diaphragm. On the engim; 
itself there is placed an ejector combined with a controlling valve and handle. This 
part of the gear, shown in fig. 205, is fixed to .some convenient part of the engine by 
means of the bracket r. Steam is taken generally from the top of the dome to ensure 
its dryness, and after passing a small regulating stop cock, enters the ejector at v. At 
c connection is made with the train pipe, and from m a connection is led to a vacuum 
gauge. The controlling valve operated by the lever m consists of a circular seating 

Vot l. 23 





SOIJLKRIN BKAKli 


179 


I is the “ brakes on ” position, in which steam is admitted to the eject<ir, and all 
communication between the train pipe; and the external air is closetl by the controllin;^ 
valve. The jet of steam then pr(Hluc<!s a vacuum in all the lirake cylindirs and 
throughout the train pi[)c. 

II is the “rest” position. Steam is cut off from the ejector, while communication 
between the outside air and the train pipe still remains closed. 



Fig. 206. Sec tion ihiougli Hiiikc (Jylintler ol Soulcriii Hnikc 


III is the “brake's oil” or relca.se position, in which steam is still cut oil Irom the 
ejector as in II, but the train pipe is open to the atmosphenx 

The ejector is placed horizontally, as shown in section in fig. 205. .Steam entt'rs 
at A, and pa.sses as an annular jet through the space betwcaai the tube r and the outer 
casing. In its passage the jet sucks the air from the train pipe through the tube T, 



Fig. goy.-'-Tr.iiii I’lpc Coupling with .Siopjtrr 


and discharges it throujijh the exhaust to th(j atmos|jheie. A small [)ipe i^, (^pcniiii^ into 
the exhaust through a very small apertiin.-, serves as an overflow to drain off the; 
condensed steam. Pig. 206 is a section through the. brake cylinder, which consists of 
a metal casing v enclosed by a flexible diaphragm of strong indiarubber k fix(;d to tin; 
casing by a ring c held in position by screws. 'I'wo plates // are provi.led, one on 
each side of the diaphragm, to which the brake levers are coupled by a link at 1*. 
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7'h(‘ couplint^ pif'cu r, shown in 207 and 208, is fixed on each of the flexible 
lubos .'Lt iho (!nds ol tlu^ vchiclcL They are of the Westinj^house type, and interchangeable 
with the (:(a]j)lin^s of trains fitted with that system. Air-tightness at the faces of the 

two coupling heads is secured by means of the 
rubber washers r, held in position by brass 
glands V. When the two heads arc engaged 
with one another, their rubber face- rings are 
scjiiee/ed tightly together, .so as to form an air- 
tight joint. In tlui case of the last coupling on 
the train it is necessary, in ordta* to hermetically close 
the pipe and prevent the entrance of grit, to provide 
the stopjier k, which consists of a plug f, with a flange 
greater in diameter than the rubber ring r. I'wo lugs 
on the plug portion i engage with projections s s on 
the insid(i of the gland v when the stopper is inserted, 
so that it may be screwed lightly home. 

Fig. 208 shows the arrangement of the coupling 
at the ends of each vehicle. a is a stop cock to 
isolate when necessary any part of the system, n is 
a flexible tube composed of rubber cloth and secured 
l)y clamps cc to th(^ knee piece R at one end and to the coupling head t at the other. 
Wlien th(* projiH'tions on thi; h(‘ads are made to engage, and then rotated through 
alnuit a rigln angle, the rubln^r jointing rings become .stiueezed together and so form 
an air tight joint. 
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The Clayton Brake of the Vacuum Brake Company.— On the British anti 
( (ilonial railw.iys, and in Spain and .South America, the automatic vacuum brake i.s 

more univensally used than the 
direct type, and of the several 
systems the Clayton brake, as 
made by the Vacuum Brake 
Company, is probably more 
j^cnerally u.sed than any other. 
In lig. 203 the whole of the 
gear required on one four- 
wheeled vehicle with eight 
brake blocks is shown. Fig. 
20C) shows the train pipe and 
the cylinder with its connec- 
tions, but without any o| the bi d.c lexers. CC is the train pipe, with its flexible coup 
lings .\ .\ aiul the (oupling heads tt closed by their stoppt;rs, as they would be if the 
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vehicle were isolated. A pin i> on the head of the piston rod of the brake cylinder i-' 
engaj^es a link which forms part ot a bcll-crank lever pin pivoted at i, as shown in 
fig'. 203. Rods KK communicate the j)ull intensilied Ijy the bell crank to levers aob, 
suspended from the body of the vehicle by links n, and connected through coupling rods 
to the brake blocks. The levers aob still further increase the forces with which the 
shoes are pressed upon the wheel tyres. The shoes i- swing at the cmkIs of susi)en(ling 
links k h' . To the end of the lever in is also coupled .a rod k”, o[)erale(l from some 
convenient position by means of a hand wheel and screw, so that the brakes may be 
applied by the brake cylinder or by the hand gear quite iiideixndently of one another. 
1 his is made possible by the addition of a link on the end of the bell crank lever, in 
which the pin of the brake pis- 
ton is, free to move. When the 
cylinder acts, the piston pulls the 
short arm of the crank lever and 
applies the brake blocks. Whim, 
on the other hand, the screw gear 
is operated, the long arm of the 
crank is pulled and the shoes 
applied as before, while the link 
on the short arm of the crank 
rides idly over the pin p without 
affecting the brake piston in the 
cylinder. In this way the actions 
of the two brakes arc absolutely 
independent. Referring again to 
fig. 209, which shows the essen- 
tial parts of the automatic vacuum 
brake carried on the ur.der frame 
of the carriage, cc is the train 
pipe, provided at each end of the vehicle with flexible portions a a attached to knee- 
pieces. 'I'he coupling heads are shown fixed to tlieir stoppers, as is. necessary in 

the case of the last coupling, in order to close the end of the train pipe. p is tlu' 

brake cylinder, carried uijon trunnions, tt fig. 210, and p is the |)iston entl, which 
communicates the motion to the brake levers. Th(- cylinder p is coimectcal to tbe train 
pipe by the small flexible pi[)e, and the opening into the cylinder is controlled by a 
ball valve v. Sections through the brake cylinder are given in figs. 210 and 211 to 
show the action of the ball valve and the piston. Instead of the dia[)hragm used in the 
Soulcrin arrangement a deep piston m is useil, with a lace about 4 to 6 in. deep, upon 
which runs a circular rubber ring a. Flanges on the piston face prevent the- ring from 
overrunning the ends. As the piston moves, the rublier rolls between the piston face 
and the cylinder walls ii, between which it is squeezed, and in this way a very air tight 
joint is obtained without undue wear of the soft rubber. The cylinder is completely 
cnclo-sed around the top by the sheet-metal cov(;r c<', and at the bottom by a solid plate 

provided in the middle with a stuffing gland through which the |)iston nxl works. At 
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the lowest part of the cylinder is placed the hall valva; v already mcntioiK^d. It consists 
simply of a l.all h, free to move thron.oh a small distance in a channel so as to close or 
op< n th(r air passao,,. Fio. .^lo shows the; “ brak(;s off” or running position of the ixirts, 
while lig. 211 shows the hrak(;s on” position, with the space occupied by the air at 
atmosplmric pressure shown shaded. It will lx* clear from the figures that the space A 
under the piston is always of a comparatively small volume, and always m communication 
with the train i)ipe, while the space n n above is large, and may be made more so by 
tlu; aildition of a su[)[)lementary reservoir. 1 his space it it is completely cut off from 
ihc, train l>ip<t whenevta' the small Itall is driven by a diffitrence of pte.ssure against its 
seating so as to clos(.- the comnumic.ition. During the running of the train, when the 
brakes are oil, a vsicuum is produced in the train ptfie and also in the cylinder reservoir 

It It, since the ball b lies loosely 
in its channel. On the under 
piston there is the 

f j g ^ same vacuum maintained, so that 

it is in equilibrium, and rests by 

I its own weight in the lowest 

r mJIsII 1] position. When the application 

brakes is desired, the 

vacuum is wholly, or at first 

^ J ^ - lj partially, destroyed by admitting 

T ' p — iiw^Ur^ air to the train pipe. The rush 

k of air forces the ball h on to its 

Jv 

'' seating, where it is held by the 

p difference of pressure on its two 

'-—I "^1 sides. Communication between 

T-,rr- rrr traill pipC Ulld tfic lippCr 

Ml'. 2 H. — CliivUtn Iti.iKt* Cylituli-r. " I triil.es on” position ., r .1 ' ^ i * c 

Side of the piston, which remains 
at the low pressure, is thus cut 
off. OwiiiDj to the ilifference of j)ressurc on its two faces the piston immediately moves 
ii|)wards, and tluis acts u|)()n the brake levers with a force equal to the difference of 
pressure; |)(‘r s(|uare inch lietween the two sides of the piston multiplied by its area. 
It will be evkUait that satisfactory working* can only be ex|)ected when the ball valve 
is in goofl comlition and the stuffing gland e is light. The initial pressure depends 
(‘iuir(‘ly upon the (juantity of air admitted by the attendant to the train pipe, and he 
is al)l(‘ to vary the pull on the brakes to any extent, from a maximum to zero, by 
admitting ih(^ air suddenly or by successive amounts. It will also be evident from an 
(‘xamination of llie figures that the initial jMill will de[X!nd not only on the completeness 
of the vacuum f)rmed in the reservoir, but also on the travel of the piston, that is, 
on tlu' state* of adjustnu'iU of llu* brake .shoes. The greater this travel the greater the 
reduction of volume on the low-[>ressur(; side e)f the piston becomes. This decrease 
of voltiiiu* me'aiis an increase e^f [iressure, anel therefore a reeluction of the difference 
e)f pn .ssiire* on the* t\v. » siil? c^f j^iston. Faulty adjustment of the g(;ar affects all 
automatic brakes, whether of the compressed-air or vacuum types, in the same way. 
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but the effects arc of much oreater importance in the case of the vacuum brake, in 
which the volumes are grc'ater and the margin of pressure very much less than in 
the compressed-air brake. 

1 o remove the brakes the attendant, by again producing a vacuum in the train 
pipe, allows the ball b to fall back and open communication betw(!cm the two sides of 
the piston, which then descends by gravity and frees the brake blocks. Sometimes 
the descent of the piston is accelerated by the addition of a spring acting on one or 
other of the levers. To ensure good working of the rubber piston ring every care 
should be taken to guide the piston so that the action of the levers cannot cause it 
to tilt in the cylinder. A sufficiently long stuffing box and careful adjustment will 
help to remedy such a d(^fect. It is, however, more customary to mount the brake 
cylinder upon trunnions, so that it may swing into a position to suit the twisting action 
of the gear. 

Besides the gear already described, there is providc^d on the locomotive! an cjc'ctor 
and hand-controlling valve, which differs from the simple (!j(!Ctor (ff tlu! direct vacuum 
brake in that it is double, and consists of a large and a small ejector combiiuxl. The 
large ejector serv(!s to rapidly exhaust the train pipe and the spac(! under the piston 
when the brakes are off, while the small one is provided to maintain during the 
running of the train the vacuum when once produced. A cc?rtain amount of leakage 
always takes place at the numerous couplings and joints, and this requires to he com- 
pensated by the constant use of the supplementary ejector, in order to prevent the. 
brake blocks from gradually working into contact with the wh(!els. 

The Westinghouse Brake. — The Westinghouse automatic vacuum brake 
resembles the Clayton brake, with this essential difference, that for the piston is 
substituted an indiarubber diaphragm, as in th(! Soulerin design, and that in addition 
to the ball valve a separate spring-controlled valvc! is added to ensure still furtlu*r 
the air-tightness of the air chamber and rescTvoir. Th(! supplementary valve is held 
on its seat by a spring, which may be adjusUxl to press as strongly as d(!sired without 
in any way affecting the working of the brake. Fig. 212 is a section through the* 
cylinder, and .shows clearly the arrangement of the various details. It consists of a 
chamber formed by an upper and a lower casing, between the faces of which is clamped 
an indiarubber diaphragm d, which again is clamped in the centre! between two plates 
forming the head of the piston rod a, to which th(! first brake lever is coupled. As 
before, the rod works in a stuffing box e, cast in one part with the lower casing, u[)on 
which is bolted a separate casting carrying the valves, h is the ball valve, and o is 
the supplementary valve, held upon its s(!ating by the s[)ring k. It will be seen that 
a space v of the minimum volume is obtained under the diaphragm, while the s|)ac(! 
K above the diaphragm is very large. The volume of the brake chamlxrr may l)e 
.still further increased as desired by means of an auxiliary reservoir connected to ih(! 
chamber by the pipe k. One end of the lever ll', pivoted at o, engages the spindl(! of 
the valve g, while the other end presses upon the under side of the diaphragm plate. 
When the diaphragm de.scends to its lowest position it deprcss(!s the one (!nd of the 
lever and raises the other, and with it the valve g. Communication between thc! two 
sides of the diaphragm takes place through the passage 1 1, formed in the wall of the 
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lower r;isii)j4, anti throut^h tlie Utill and lift valvt^s ii and G, while direct communication 
l)etween the train pipe- and tht; lower chamlafr i- takes place throuefh the [lipe shown 

dolled at c. rhe action of the brake is as follows; -During the running of the train 

a vacuum is formed ni tht; train pipe and through the connection c in the lower chamber 
K. (^ommuni(;ation belwt-cn iht; upper and lower chambert K and r then takes place 
thrtiugli the valve k, held op(;n by the lever L l', through the ball valve II, which is 

raised from its seat under the difference of pressure, and through the passage 1 1. 

The vacuum is then formed also in tin; upper chambtT K and the auxiliary reservoir, 
(•(liializing the jirc^ssiires on iht; two sides of the diaphragm, which rests at the bottom 
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of the chaml)er by its own weight. On the application of the brakes the admission 
of air to the train pipe increases the pressure in the lower chamber v and forces the 
ball valve 11 uixm its seat, closing all communication between the upper and lower 
sides ot the diaphragm, which is then forced up to the top of its travel. The rise 
ol the diaphragm fiax's the lever t. l' and allows the valve to close under the action 
of tlie spring k, which is made sufficiently strong to ensure air-tighlness. To release 
the brakes again, iht; admission of air to the train pipe is stopped and the vacuum re- 
formed in the pijie and the lowttr chamber. Under the action of its own weight, and 
of the weights of the lirake levers and releasing .s[)rings, the diaphragm sinks again 
to its lowest position, where it acts u|)on the lever ll', thus raising the valve G. The 
vacuum is then producisi tluougb tlie whole system. It will be seen that the control 
of the braking force is complete both in the On .and the Release positions, since 
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cit any moment the force with which the brakes are aj)plie(l tle[)cnds upon the extent 
of the vacuum formed in the train pipe and the lower chamber. On the locomotive 
is placed in addition the combined double ejector and mameuvrini; cock illustrateil 
in fig. 213, which serves the .same purpose as the Clayton i^jc'ctor already nK'iUioned. 
'I'he large ejector has an annular steam jet as shown, and a.sjtirates the air through 
the central pipe, while the small ejector beiuMth it has a central j(!t, ami draws the' 
air through the annular space around it. 

The Soulerin Brake. — The .Soulerin brake consists of a separate brake cylinder, 
auxiliary reservoir, and train pipe, and acts u[)on the automatic vacuum principle, as 
in the case of the Clayton brake. It is, however, more; analogous to the Wesilnghouse 
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comprossed-air brakes, while the Clayton l.)rak(! re.sembl(\s the Wenefc^r brake described 
later. The action of the Soulerin l)rake is in general the samc^ as that of the; VV(‘slin<4- 
house, that is, durinij the running’ of the train a vacuum is haaned in the train [)iiK^ 
and in the auxiliary reservoir, while the brake: cylinder is open to the atmosphcTc*. 
When the vacuum is wholly or partially destroyed in the train pipe, the valves of 
the distributor move sct as to i.solate the train ])i|)e and to place the brake cylinder in 
communication with the exhausted auxiliary reservoir. In this way the: brakes are 
applied. The distributor resembles in principle th(! triple valve of the Westinohouse 
compressed-air brake, but differs from it in arrangement and in detail. 'I'he brakr: 
cylinder may be of the diaphragm type used in the direct vacuum system already 
described, or it may have the piston and rubber-ring arrangement shown in fig. 210 . 
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AUTOMATIC COMPRESSED-AIR BRAKES 

Westinghouse Ordinary Type. Fig. 214 shows diagrammatically the parts of 

the l.)rak<; that arc carried upon eacli vadiicle, viz. : — 

'flic tmiii pi|)(‘ K, which i.s a tube* of about i in. internal diameter. 

'Two (Icxibli! cou[)lin.iJS, one of which, K, is shown. 

7 'wo stop cocks N, one at each end of the veliicle. 



A brake cylindca* n, with one or with two pistons accordini^ to the requirements 
of the vehicle. 

A distributor or triple valve F. 

A stop cock l.H‘tween thc^ air pipe and the triple valve to isolate the system on 
any vehicle in l ase of break-down. The train pipe then acts simply as 
a communication past the isolated ^ear to the next vehicle. 

Lastly, a hand emeroency valve j, to permit of the brakes being released by 
hand in cast's where they have been accidentally applied, usually with 
great force, as when the air pipe ruptures or the triple valve fails to act 
in the proper way. 

In atldiiion to these parts the locomotive is provided with the following arrange- 
ments, shown in fig. 215: — 

1 h(‘ steam-admission cock T. 

A steam-driven air (ompressor. 

A main reservoir 0, having a ca])acity of about 10 to 15 cu. ft. 

An c^perating valve o, and a [)ressurc gauge l. 
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Operating valves ot many (liffercnt designs are in general iis(*. In certain cases, 
as, for example, on the guard s van, there is filled a gauge and brake* cock communicaling* 
with the train pipe. 1 he guard is thus able to satisfy hims(.*li at any moment as to 

the state of the vacuum in the whole brake systcan. 

Having now described the general action oi brakes of this type, it remains only 

to describe very brieHy the gear provided for the production of the pressiin? and ihi* 

triple or distribution valve. 

The pump shown in fig. 215 consists of a steam cylind(*r a and an air compressor 
arranged in tandem with the; two pistons on one jiiston rod. Steam is distributed to 
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the steam cylinder by means of th(! [fislon valve i, i, 2, the* motion of which is conlrolkal 
by a small pilot valve d, 6 in the top cylind(‘r cover. As th(* comjirc'ssor is of the* double- 
acting tyi)e, pumping air into the reservoir at each stroke, th(* valvc! eh(*st is [irovidi-d 
with suction and deliv(a*y valves a, b, of a simple tyjie, one [lair, a, b, being fitted 
to each end of the compn^ssor. 

Thii Westinghouse Company has improved the pump by removing the vertical 
steam-distribution valve at the side of the cylinder, and by sul)stituting a steam valve 
carried entirely in the top cover of the cylinder, which greatly facilitates insj^ection or 
replacement in case of a break -down. 

Figs. 216 and 217 illustrate in some detail the arrangement of the triple valv(*. 
It consists essentially of a movable disc 3, which works on a fixed faca* i, and which 
may be rotated by means of the controlling handle 6. I'ln? disc 3 is carried upon 
the squared end of the handle spindle 5. Upon the outer flange, around which the 
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hand Icvtr works, am cut iiokIk.-s with which a small spring plunger in the handle 
engages, tints determining the principal positions 1 , II, III, IV of the valve. Suitable 
ports in the valve fata;, and ' corresponding passages in the disc, arc provided for the 
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dislriltution of the air, according to the p<isition of the controlling handle. The valve 
is lixed in somi: convenient position near the attendant, by means of the screwed pin 
and nut 2, fig. 217. Air from the main reservoir enters the valve through the passage 
1' K, and communication with the; train pipe takes place through li. The small connection 
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(. is provided for the gauge, and th(;re is akso a cock communicating with the atmos- 
phere. Belore passing through the distributor the compressed air requires to raise a 
lilt \alve, hckl upon its seatmg 1" :\ spring which ensures always a definite difference 
ol [)ressure ol about 2 lb. between the main reservoir and the train pipe. This difference 
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of pressure permits of the train pipe l)ein}^ more rapidly reclian^ed after th(‘ releas(! of 
the brakes, and ahso always ensures the existence of the pressure necessary for their 
release, which might not otherwise be the cas(.‘, owing perhaps to a fall of th(‘ [)r(‘ssur(‘ 
in the interval. 

Position I of the hand lever, the position shown in the illustration, places the train 
pipe in full communication with the main reservoir and withdraws the brake's coinplctc'ly. 

With the lever at the extreme right in position IV, the train pipe is opc'u to the* 
atmosphere and the brakes are fully applied. 

Position III is the neutral or rest position, in which all the passages are (losed. It 
is the position after a moderate application of 
the brakes. 

Position II is the feed position, in which 
the lever is placed during the running of the 
train. The train pipe is then in communication 
with the main n^servoir through a very small 
orifice, which just permits of the passage of 
sufficient air to compensate the inevitable 
losses of pressure in the train, due to general 
leakage during the journey. Without this [)re- 
caution there would be danger of the brakes 
emselves at unexpected moments. 

Valve. — The triple valve is so 
called because it serves three main functions: 

1. To apply the brakes. 

2. To release the brakes. 

3. To recharge the main n.'servoir. 

It is represented in sc^ction in fig. 218 
which shows the upper portion i,i of cast 
metal, fitted internally where necessary with 
gun -metal liners, and the lower chamber 2 
to which it is secured; the joint being made air-tight by means of the leather jointing 
ring 10. At the top and bottom screwed metal caps arc fittc^d, and at a and I-: screwed 
nipples are provided for the connections to the train pipe, air reservoir, and brake 
cylinder, b, a communicates with the brake cylinder, k with the train pipe, and c with 
the auxiliary reservoir. Inside the triple valve is fitted a working system consisting 
of a piston 9, provided with packing rings and mounted upon the rod 5, 5, which also 
carries a gun-metal slide valve 6, 6, pressed tightly against the working face by means 
of a spring. The .slide and fiice are provided with the necessary aj)(!rtures and channels 
for the distribution of the air in the various positions of the controlling lever. An opening 
c, D to the atmosphere, is provided for the exhaust. 

The action is as follows; — 

During the running of the train, and after the release of the brakes, the attendant 
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admits compn sscd air to the train pipe and thus to the lower chamber of the triple 
valve, when; it acts upon the piston and imnuMlialcly raises it. At the top ot its travel 
tlie piston uncovers a small channel in the liner, throuoh which the compres.sed air 
escapes into the auxiliary reservoir until the pressure there reaches that of the train pipe. 
Diirino its upward travel th(r [)iston c.irries the small slide into the position .shown in 
lio 21S, in which the brake cylinder is plac<;d in communication with the atmosphere 
throuoh the |)assa,oes 11, <i, b, c, o. 'I'o apply the lirakes the attendant reduces the prc.ssure 
in llic train pi|>e, and accordingly the pressure on the under side of the triple valve 
piston, which, owino to the di(Terenc(; of pressure on its two face.s, at once falls to the 
bottom position, carryino with it the sliLlt;r 6 int(j the position 2 of fi,^. 219. It will 
be seen that the laroe [)iston completely closes all communication with the train pipe, 
while tint slide valve oj)ens on the om- hand the pas.sa^e G,a between the brake cylinder 
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and th(‘ auxiliary reservoir, and c:uts off on the other hand all communication with the 
atm().s|)her(‘ by covcM'im;- the openinjr c. Since the brake cylinder and the reservoir are 
now in direct communication, the rcLSultant working j)rc‘ssure per square inch on the 
br.ik(* [)ision area will d(‘[)end upon their respective volum(LS. 

I o again rek'asf^ the brakes the attendant admits compressed air to the train pipe, 
and as soon as tin* resultant [iressure above mentioned is reached the large piston rises, 
carrying th(‘ slide valve into the running position in which the brakes arc released. So 
lar \V(' have' purposely omitted to refer to the small plunger valve 7, carried rigidly 
u[)(^n tht‘ piston rod S- I his plungc'r, which works in a channel in the slider, is fitted 
with a conical head and stawes, when the htxid 0 rests on the valve seating s, to close the 
communication Ix'tween the passage c and the opening shown dark in fig. 219. The dark 
mifice is carried through the slide and communicates with the space above the piston 9, 
that is, with the auxiliary chamber. By means of this arrangement the braking force 
may be varied at will. If inst(‘ad of suddenly producing in the train p\pe a considerable 
reduction of the pres.'.u.i dic tuti.nilant allows only a small quantity of air, not exceed- 
100 h- escape, at a relatively slow rate, then the piston 9, instead of falling 
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suddenly to the bottom of its course, will sink very slowly and only fall about half way, 
carryinj^ with it the slider 6 and the plunger 7; but it will only move them through 
half their full travel, as shown in position 3, fig. 219, in which the only communication 
between the brake cylinder and the reservoir is past the small valve 0 and through the 
narrow channel e. The air from the reservoir then enters the brake cylinder through 
this comparatively small orifice, but as soon as the pressure on the up])er face of the 
large piston decreases it rises under the small difference of pressure, carrying with it 
the plunger 7 until the head 0 closes the pa.s.sagc The force is not, however, 

sufficiently great to move the slid*; itself, which remains where it was, as shown in 
position 4 of the figure. I'he communication Ijetween the auxiliary reservoir and the 
brake cylinder being clo.scd by the extremity of the small piston, the air in the cylinder 
remains at the same pressure, which is, however, Ie.ss than the full braking pressure, 
that i.s, the brakes are not fully but only jjartially applied. It will be clear that a 
second reduction of the train-pipe pressure effected under the same conditions will result 
in a repetition of the action, 
and the consctpient entrance 
of a new supply of air to tht; 
brake cylinder. In this way 
the original pressure in the 
brake cylinder, and with it 
the braking force, will be 
maintained or increased, 
rheorctically it should be 
possible by succe.ssive reduc- 
tions of the train -pipe pressure to bring the large piston to the bottom ol its travel, 
and thus finally to apply the brakes with the full force. With a train of some 
considerable length It is hardly po.ssible in practice to make more than two or three 
partial applications of the brakes, because the triple valve is sufficiently sensitive to 
fall completely for a reduction of i lb. in the train-pipi; pressure. In such a case; the 
large piston completes the full instc^ad of a partial oscillation, the small piston valve 
docs not play its part, and the slide is carried to the end of its stroke. I he brakes 
thus come into action with the full force instead of in gradual stages. It is only possible; 
to increase the braking action in this way, never to reduce it. When the brakes are; 
released they free themselves completely. 

Brake Cylinder. — A half scctiejn of a brake cylinder with one [)iston is shown 
in fig. 220. The body of the piston is secured to the rod 5, which is provided at the 
outer end with a fork to which the brake-lever system is coupled. To [)revent leakage 
past the piston there is provided the dished leather ring 7, held in position Iiy a 
junk ring and bolts. All the working parts are contained within the cylinder 1, 
the cover 3 which serves as a guide for the outer end of the piston rod, and the cinl 
cover into which the triple-valve pii)e is connected. A strong si>rlng 9 i.s provided to 
drive the piston back to the end of its stroke when the brakes are r(;leased. At the 
end of the cylinder will be noticed a small channel 8, provided as an escape for the air 
that may pass into the brake cylinder from the auxiliary reservoir, through .some leak 
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ill tlif triple- v.iKr. Ilnlcs, some such c'srnpc were [)n,vi(U*(l the l)r;ikes mitrht como 
inio j.iioii .It imlnnkrd -ior nioninits, for ;ilthou;.di the (jii.'intity of iiir which escapes in 
ihi-. u i\ i. ( omp.uMti\ cle sill. ill, it would during: the runnini*- of the train accumulate 
dcliiii.l (he pi . toil and t’rad. allv drive it outwnrds until the brakes came into action. 

Lmcrgency Relief Valve. — The valve, is mounted on a 
T piorc between the auxiliary reservoir and the brakt! cylinder, 
and consists of a small lift valve 0, held down upon its seat by 
tlie pressiin* of the air in (h(; reservoir and by the spring 5. A 
1( V( r 2 is suspcnd(‘d from pins 7 in such a way tnat when it is 
swung to one side or the other it eiigag(\s with a prolongation of 
tlio \al\'e spindl(‘, and rais(\s the valve off its seat sufficiently to 
.iIImw the air to esca[)e. through the ojxMiing B to the atmosphere. 

( )perating levers are connect(Ml to the arm 2 at c', e, and are led 
to coioenieiit positions at either sid(; of the vehicle. It is advis- 
.'ible when using- the valv(* to hold it open until the air has com- 
pletely es('ap(‘d, otherwise any charge* remaining in the auxiliary 
reservoir would p.ass to the brak(‘ cylinder and produce successivi! 
though iiKB'e and mort* feeble a])p'-cations of the l)rake. 

Couplings. In lig. 214 is shown the gcaiciral arrange.tnent 
of the coupling as attac'hed to tiie train |)i[)e, with the Ih^xiblt! 
tube, the he.id L, an<l the stop cock N. Idg. 222 sliovvs th(i Iicarls cou[)led t()g(‘ther, 
the one b(‘ing in full and the. other in seiaioii. y\ir tightnes'' at tlui joint Ix^tween tho 
two h< ad'> is se( ur<‘d by means of the ll;ing(Hl rubb(.‘r ring, wdiich is held in position 
b\' the three aimed piei'e, the st(‘m of which butts against the scrcwved caj). Inclined 
lugs on the outsides of tlu* heads are so arrangtal that when these! are made to 




<mg:ige with otte another a partiah rotation of the om* ladatively to the other will 
bi'ing tile rubber rings into ( los(' (ontact, .and so make the joint sufficiently tight to 
with-st.md the .ur pre-ssure. 

The Westinghonsir Hen*y Brake.- lA'om the d( .scri[)tion already given of the 
ordinarx W ( j^iinghoiise brake it will be seen that a certain time' is n'ljuired bctw’een 
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successive! applicalions of lie hrake* lor the re'cliar^iu^' oi the auxiliary icst rx’oir. 
If the intervals are very small the tiiiu* may net lx* sulticieni tor the* ('ompleie re- 
charejin^' ol the I'cvservoir, so that tlu‘ j)ressur(‘ th(‘re ma\ e,ratluall\ l.ill. 1 his m.i\', 
lor example*, occur alte*r the desceni ot a loiii,^' incliiu* on which llu* aiieiulant h.is keen 
com[)e‘lle(l to tr(!(]ue‘ntly apply and rc*le*ase his brakes, owm^ perhaps to ch.inecs m ilu* 
st(!epness of the* gradients. A lar^e part of tin* ir.u'k owned l>y the I'aris Iaoiis 
Me.*diterranean Railway ('ompany in h'raiu'e is of this hillv d(‘S(ai|)li( >n, and the smu* 
.ipplies to th(* nei^hhouriniL;* railways ol Sw ii/erland. IV) nu‘(‘t th(‘se spei ial re(|uire 
me'iits the Werstincthouse Meairy brake, illustrate'd in lip. 22 p is \’(‘r\ peiieialU’ used 
therre. It e^onsisls (*ss(‘ntially ot a elirec't ae'tinp brake e'ombine*d with the ordinary 
Westinphouse automatic. The brake* cylineler, whii h is I'ommon to bi)th s\ stems, 
('(immunicates not only with the; automatic train l)ipe‘ alr(‘aely deseribed. but also with 



a second train pipe carried throupheiut tin* whole; lenptli and provid(*d with flexible 
cr)U[)linps be;twa_!e.n the; V('hicl(!S. Between the; dire‘c:t-air pipt; and the brake* cylinder 
there is placed a double; valve, w'hich se*rves to comple*tely separate* llie two brake* 
systems as reejuired. It consists of a piston fitted with piston rinps, and jirovideel on 
its front and back face;s with le;athe*r discs, ddie* piston thus s<*rv(*s as a deaible* valve. 
When the attenelant wishes to apply the* brake*s by means of the* dire*ct ae tinp pe ar he* 
admits compre:ssed air to the train pip<*, which elrives the: de)uble valve to the- ripht, 
thus closinp communication with the triiile: valve; and upe*ninp the- passape* to the* bralo- 
cylinder. If, on the other hand, the atte:ndant makes use e)| the* aute)matic brake*, the 
compressed air which passers throupdi the triple* valve* elrive*s the: piste)n ol the; deaible 
valve teiwards the left, and cleises the: ceamnuinication be-twe-e-n the* brake* cylinde-r and 
the dire;ct-brake train pipe*. ddie movement of the* double valve* at the* same- time* 
o[)ens the; communicatiejn between the; brake* cylinele*r aiiel the* re-se*rvoir. A se parate* 
contrejllinp* cock is prejvidcd on the* enpine* in conne-(tie)n with the* direet -actinp air 
pipe, by means of which the atteaielant may put the; pi[)e inte> e e)mmimicatie)n with 
eith(;r the main air-supply re*servoir or with the atnmsphrre. In pe-ne-ral the* atte nelant 
uses the direct-acting brake for controlling the speed when running e:le)wn le)np ine line s 
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of varyintf j^radicmt, aiul reserves the automatic brake for emergencies and for normal 
working. By using tin; tlirect brake whenever successive and frequent reduction of 
the sj)t (.(l is re(|uireil, the air {)ressure in the au.xiliary resc!rvoir docs not become 
impoverislied, so that the automatic brake is always ready for any emergency. 

Wenger Brake. — On certain of the Large h'rench railways extensive use is made 
of the Wenger compress(;d-air .automatic brake, which differs considerably in its action 
from the Westinghouse I)rake. In this arrangement there is no auxiliary reservoir, and 
l>()th faces of the brake piston are acted upon by the air pressure instead of only one 
f.ice, as in the previous arrangements already described. Differences of pre.ssure on the 
piston faces cause it to move to or fn^ .as the ca.se may be, and thus to apply or release 
the br.akes. In lig. 224 .are shown the essenti.al parts of the brake as fitted upon each 
vehicle;. In front of the brake piston is the cylinder reservoir, and between it and the 



tr.iin pip(‘ is placed a distrilmting valve of a very simple kind. The train pipe, as before, 
is carried along the train, and connecUxl between the vehicles by flexible coupling.s. 
Motion of the piston in its cylinder o[)erates the brake levers coupled to the outer end 
of the piston rod. To ja-event leakage from the cylinder reservoir, and for another 
pur|)o.se described below, the rod is provided with .1 small piston and cup leather p, which 
work in a trunk forming part of the outer cover. 

'1 he action is as follows. During the running of the train, with the brakes in the 
off position, the compressed air .admitted to the train pipe jjasses through the distributor 
into tiu' brake cylinder, and ciscapi's past the cup leather of the brake piston into the 
cylinder reservoir. It will be noted that, owing to the edgt; of the cup leather being 
directi'd away from the brake cylinder, the compressed air is able to escape from the 
brake cylindia- to the reservoir but cannot [lass back. When the pressures in the two 
chambers become eipial, the brake; piston moves out towards the left, because although 
the; pressure!s on the large piston fiices are eepial and balance one.another, there is still 
the' pre'ssure on the sm.'ill pistein unbalanced by' the atmosphere on its outer face. To 
slop the train or to reduce the speed the eitlendant lowers the pressure in the train pipe, 
whiih c.iuses the elistribntor to o ipn pic brake; cylinder to the atmosphere. The air 
slorexl in the cylinder rescrveiir then drives the hirge piston back, and so releases the 
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brakes or reduces their action as the case may be. The arramj^ement of tlie distributor 
is such that after a moment it ayain closes th(‘. communication between the brake cylindca* 
and the atmosphere, thus llmitinj4' the brakiniL; action due to the difference of pressure 
on the two faces of the piston. The force with which the brakes are maintained d(‘pends 
upon the extent of the reduction ol pressure in the tniin pi[)e. l?y successive reductions 
of the pressure the brake cylinder may again be opened more and more to the atn'»o- 
sphere, and the diminished action of the Ijrakes increased as desired. It will \)v sc‘(‘n 
that the braking action may be varied from z(m*o to a maximum, the latter condition 
corresponding to a complete reduction of the pressure in th(! train pipe. To r(‘lease thc‘ 
brakes the atUnidant increases the pressure in the train pipe, anti as soon as the large 
piston reaches the balanced state, the pressure on the small piston drives it out, and thus 
relieves, the brakes. It is possible for the attendant to raise tht' air-pipt' prt'ssure at 
once, or by successive stag*(\s, and thus to regulate tht? braking force, 'flu! distributor 
consists simply of a piston p working against a spring, and carrying upon its spindle a 
small slide valve I which opens and closes an o|)(.‘ning 0 to the atmosphere, A small hok^ 
is provided through the piston, which allows a (juantity of th(i compressed air constantly 
to leak past into the brake cylinder to compensate for any losses that may occur during 
the running of the train. It should be notcid that the piston of the Wenger gear inills 
the brakci levers, while the Westinghousci acts by (nishing. I'his iinolves a different 
arrangement of the brake levers to suit the difk^rence in the diix^ctioii of tin* motion. .All 
cylinder-reservoir brakes, whether worked by com[)r(.*ssed air or a vacuum, suffer from 
the common defect that thci action is slow both in the n^leascj and in the application ol' 
the brakes. l"his results from thci increased (juantily of air to \)o moved each tinu‘, 
that is, not only the air in the train pipe, but also the air in the brake cylinde r. 

Quick-acting Brakes. — When the length of the train exceeds a ccalain amount, 
for example fourteen or sixteen vehicles, the action of the ordinary brake, which depends 
upon the filling or the evacuation of the train pipe through one small orifices of the 
manamvring cock, is much too slow both when applying and when rel(*asing it. As a 
result the rear portion of the train is braked or releasc'd belore the forward part, the 
interval depending to some extent also upon the sensitiveness of tlu; trij)l(t valv(‘.s. I'he 
essential requirement of a good brake is that all the whe(*ls should be gripped simul 
taneously, and with as nearly e([ual forces as possible. It will be evident that unless 
the action is simultaneous and uniform, iho couplings will be subject(*d to severe 
jerking, and the vehicles and buffers to heavy shocks, which may (!ven result in fractun* 
of the couplings or other parts of the gear. Considering thes(* serious (k-fects of the 
ordinary brake, it is not surprising that much atUmtion has been ckwotcxl to the 
development of a satiskictory rapid-acting brake. 

In 1886 and 1887 the Master Car builders’ Association of America carried out a 
very complete series of trials with rapid-acting brakes applied to long trains, and also 
with arrangements for electrically operating the triple or other special valves so as to 
obtain more nearly simultaneous action. 

The competitors were: The Westinghouse Automatic brake Company, 'rh(* Itames 
Vacuum brake Company, The American lirake Company of St. Louis, Tho Widdlield 
and Button Company of Uxbridge, and the Rote brake Company of Mansfield. 
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Fach Company submitted for trial a train of 50 goods wagons, each of 40 tons 
capacity, fitted with their apparatus. After exhaustive tests the committee arrived at the 
following very definite conclusions, which have never since been seriously questioned: — 

1. bOr long trains the best type of brake is one operated by air, and with its valves 

moved electrically. 

2. Such a brake should satisfy the following four requirements: — 

(^/) It should slop thc! train in the shortest possible distance. 

[d) It should reduce to a minimum the shocks and wear to which the rolling 
stock is subjected. 

(r) R(‘I(‘ase of the brakes should take place instantaneously. 

(^/) It should be possible to adjust the pressure of the brake shoes to any 
degree. 

Th(‘ bd(‘('tro-j)neumati(: (diapsal brake completely satisfied all these requirements, 
but tlu! sysKmi of electric control has not met with the favour that might be expected, 
considering the advantages which it offers. Most probably the reasons for its non- 
adoplion lie in the complication of the gear involved, and in the difficulty of keeping 
such ( lectriial apparatus in good order, especially considering the conditions of con- 
tinuous vibration and exposiinr to the weather. It is a (ju(!Stion entirely of practical 
(‘\p(‘rienc(‘. More niceiitly the cjuestion of electric control has been revived, particularly 
in (Germany, where an improved Chapsal brake has been tried with considerable success. 
It seems certain that when the apparatus is developed and made sufficiently strong the 
system will lie more generally applied, since without such an arrangement the problem, 
particularly in the release of the brakes, presents many difficulties. It is not possible 
in the. limits of this brief study of the subject to enter into details of the arrangement, 
which consists essentially of a number of electromagnets connected by line wires to a 
controlling switch on the engine. One of these electromagnets is fitted to each air valve 
throughout the train, so that when the current is passed through the magnets the valves 
are simultaneously operated, and the brakes applied together and uniformly. One 
ing(*nious feature of the Chapsal brake consisted in the use of a polarized armature in 
place of the ordinary electromagnet. By reversing the current through the armature 
coils th(! armature could be made to move forwards or backwards as the case might 
be, and so close' or open the braking or the release valves to which it was connected 
by suitable levcu* arrangements. With these few remarks, the subject of electrically 
controlled brakcLs must be left. In thp next section the Westinghouse Quick-acting 
Compri'ssed-air Brake, which to-day is in general use, will be described. 

The Westinghouse Quick-action Compressed-air Brake.— The quick-acting 
brak(^ is ;i development of the Westinghouse ordinary type, and is obtained by a simple 
modilication of the triple valve. All the essential parts remain unaltered with the 
exception of the tri])le valve, for which is substituted a special rapid-action valve. 

In practice the various parts of the jjear, the brake cylinder, auxiliary reservoir, and 
valves, are combined so .u, to foim one rigid and self-contained piece which may be more 
readily installed upon the vehicles. 
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In fig. 225, which shows the general arrangement, h is the brake cylinder, with its 
bypass channel and the piston-rod head r. g is the auxiliary reservoir; j is the relief 
valve; f is the rapid-action triple valve with the isolation stop-cock lever z, which, as will 
be seen, serves the further purpose of suppressing when desired the rapid-action featur(‘, 
or of changing from the ordinary to the quick-action condition, k is the train [)ipe, with 
the stop cock n and the coupling head k, and t represtmts the blow-oft* cock, placed, 
together with the pressure gauge s, on the vehicle for the purpose of testing the brakes 



before the departure of the train, or for applying the brakes during the running of the 
train by blowing off the air in the train pipe. 

Quick-acting Triple Valve. — As will be seen from the sectional view, fig. 226, 
the arrangement consists of the ordinary triple valve placed horizontally, combined with 
a second vertical valve called the accelerator. The valve is connected with the train 
pipe at D, with the brake cylinder at B, and at c with the auxiliary reservoir. Near lh(t 
connection to the train pipe is placed a three-way cock which, according to the [)osition 
of the lever, changes the brake to quick-acting or to ordinary working, or serves in case 
of emergency to completely isolate the brake gear upon the vehicle, while leaving the 
train-pipe communication clear from end to end. 

The action of the gear is as follows. When the attendant wishes to make an 
ordinary stop, or to apply the brakes with moderate force, he slightly reduces the pressure 
in the train pipe by means of a special equalizing discharge cock, which it is unnecessary 
to explain in detail here. The piston of the ordinary triple valve moves towards the 
right, but not to the end of its travel, and therefore only displaces the small secondary 
piston and the slide sufficiently to allow the compressed air from the auxiliary reservoir 
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lo pass tliroui^li the })assa^i((‘ (\ a, a into the brake' cylinder. The travel of the small 
piston and the slide is limit(‘d, as already described in the case of the ordinary triple 
valve*, by ihef fall (jf the* pressure on the left face of the larj^e piston, resulting from the 

l)assag(t of the air from the: re servoir to the: brake cylinder. As soon as this pressure 

fills slightly be-low that of the air pipe the large piston moves back towards the left, 

aiiel (loses the small j)iston valve but does not displace the slider. In this way, by 

repeating these operations, the attendant is able to vary at will the braking force from 

zero to the maximum, with- 
out bringing into play any 
j)ortion of the accelerator. 
If, on the other hand, the 
attendant wishes the brakes 
to act (juickly, as, for ex- 
ample, when the train is 
long or when a sudden stop 
is necessary, he produces in 
the train pipe a sudden and 
considerable reduction of the 
pressure, which immediately 
drives the piston to the ex- 
treme right end of its travel, 
and with it the secondary 
piston and slide. Com- 
pressed air from the auxi- 
liary reservoir then passes 
through the opening h to the 
upper side of the accelerator 
piston, which immediately 
falls and opens the valve i8 
on the spindle 17. At the 
same time the compressed 
air in the train pipe raises 
the valvi' 19 and |)asses through the open valve 17 into the brake cylinder. From 
this there* results a twofold c*ffcct: 

1. I he air (:orres|)onding to the portion of the train pipe under the vehicle passes 

into the cylinder, and does work there in braking the train. 

2. l]y ilu* iransf(*r(‘iu (‘ ot this air to the brake cylinder the pressure of air in that 

])articular section of the train pipe is suddenly lowered, and with it the 
pressur(‘ in the st'clion under the succeeding vehicle*. 

I his reducticai ol pressure results in the action of the triple valve on the second 
vehicle, and so on sucvH"-'^ ivdy thr aighout the length of the train. The result is the 
same as would be [)roduced by the rapid and successive opening of the emergency cocks 
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under each of the vehicles, only two seconds at the most elapsing hotween the action 
of the first and last triple valves in a train of sixty veluclcs. It should be notetl that 
the air from the auxiliary valve passes at the same time into the brake cylinder throuirh 
the small hole w in the accelerator piston. As .soon as the pressure in tin; brake 
cylinder and the force exerted by the spring- 30 together ('xcca-d the air pr(!ssure of the 
train pipe the valve 19 closes, and thus prevents the air in the brake cylimU-r from 
returning to the train pipe when the pressure in the former exceeils that of the pipe, 
d o release the brakes the attendant fills the train [)ipe with compn ss(hI air, which ilrives 
the large. piston of the ordinary triple valve towards the left, and with it the valve slide. 
A communication between the top of the accelerator piston and the atmos|iher(' is thus 
opened through the slide and the passage //, with th(^ result that tin; accelerator piston 
rises under the pressure of the air in the brake cylinder, and allows the valve rS to close 
under the action of the spring 20. Almost in the sann^ instant the sli(U;r comi)letes its 
full travel, and places the brake cylinder in communication with the atmosphere, thus 
completing the full release of the brakes. It will be evident that the refisise. of the 
brakes is not so rapid as the application of them, since it is necessary t(j recharge; the 
whole train pipt; each time the brakes are applied. When, however, a sufficiently larga; 
main reservoir is fitted, and the running pressure used is considerable, the rapiility of 
the release is sufficiently rapid for most requirements. Considering the circumstances, 
this cjuestion of the quick release of the brakes in the case of long trains must remain 
the chief stumbling block in the design of a completely satisfactory pneumatic brake, 
d'he difficulty might most readily be overcome by the use of some electrical means of 
control already referred to, which would operate the tripk; valv(;s independ(;nlly and 
simultaneously, and place the brake cylinders directly in communication with the atmo- 
sphere. 

Extra- Rapid- Action Brakes. — If when the spei'd of the train is very great, 
.say 75 miles an hour, the brake shoes are applied with the usual pr(;ssure of .about 
45 lb. per square inch, it has been found th.at the sho(;s do not grip the wlu-el tyres 
but only slip, as a body would on icc;, without producing the desiri;d retardation. 
It is only after a c(;rtain time, when the .speed has .sensibly diminished owing to the 
shutting off of the steam on the locomotive, that the brakes suddenly grip- tin; wheels 
and the actual braking commence.s. The reason for this slip[)ing may be more readily 
understood by referring to the subject of the coeffici(;nts of friction, already dealt with. 
Galton’s experiments have also very conclusively proved the fact that the friction 
between the brake shoes and wheels diminishes considerably when the wheel rotat(;s 
quickly, and that the force becomes almost zero when the speed exceeds a certain limit. 
The only remedy is to increase the jJressure of the brake shoes; Imt this unfortunately 
locks the wheels as soon as the spec;d is reduced, so that no real advantage is gain(;d 
unless the pressure is reduced sufficiently at the right moment to [prevent the locking 
action. 

Westinghouse Extra-Rapid Brake. — These requirements are satisfied in a 
very simple manner by the Westinghouse automatic extra-rapid brake gear, the details 
of which are illustrated by the figures on page 200. The essential feature is the sp(;cial 
reducing valve fitted one to each brake cylinder. 
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Fig. 227 is a longitudinal section of the Reducing- Valve arrangeintait. 

Fig. 228 is a transverse section through the slide valve. 

The arrangement consists of a piston acted on by a spiral spring, ihv. strength of 
which may be adjusted as required by means of a screwed caj). On tln^ top of tin? 
[)iston rod is fixed a slide having a triangular opcaiing which })laces the brake cylinder 
in communication with the atmt)s|)here through, the horizontal [)()ri shown in figs. 229, 
230, 231. This portion of thc! gear Is attached to the frame of the vehicle, and is 
connected to the brake cylinder by a pipe communication. 

The action of the gear, shown in fig. 232 as actually installiHl under the vehicle, 
is of a very simple nature. 

While the train is running, a pressure of 15 lb. instead of <S is maintaiiu'd in the 
train pipe, and conse(iuently a working pressure of 13 lb. instead of 6 is available* in 
the brake cylinder. Under this high pressure the [)iston compress(‘s the* spring, and 
the full breadth of o[)(*ning of the triangular orifice* in tlu.* slide* |)lacc‘s the brake 
cylinder in communication through i\ut full breadth of the horizontal i)()rt, fig. 230. As 
soon as the train speed slackens, a portion of th(^ air in the cylind(*r esca|)es to the 
atmosphere^ and in consixjuencc the |)iston risc.*s under tin* action of tlu! s|)r)ng, and 
with It the sh\le. The movement of the triangular apertures befon* the. orifice*, fig. 231, 
gradually retluces the communic^atlon between the brake* cylinder and the* atmns|)hc‘r(‘ 
from the full [)ort opening until finally thc! opening is c:om[)letely cIos(‘d. I'his tak(*s 
place when the brake-cylinder [pressure falls from the original 13 11). to () lb., but il 
required these limits of pressure may be varied by suitablct adjustment ol the* s[)iral 
s[)ring. it will be c'vident that the? desired result has now been obtained, since! the high 
initial brake! pressure has bee*n reduced to a normal working pre.*ssure; to suit the. redue:(.*d 
speed of the! train. By tlu.*se means the duration of the braking ae:tion is increasesl by 
abe.nit 30 per cent of that obtaine.*el with the; ejuick-acting brake! itse'Il, which ensiire*s In 
the case of trains running at high s[)e*eds a gioatly incre.-ased lae tor ol safety. 

It is not possible here to enter furthe*r into the* many details of the! eontiiuioiis 
brake. The! [aoblem is an unusually complex and dillicult one, and the! |)rinciple*s 
underlying it arc not generally well known. It is hoped, howe.'vcr, that the brie*! 
d(*scriptions given above will be of some assistance in a fuller study ol the subject. 
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